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THE  EDITOR’S  VIEWPOINT 


SehlAck,  Flynn  and  Gerende  (p.  266) 
•ontribute  a  paper  from  the  Naval  Medical 
Beaeareh  Institute  on  the  effect  of  age  and 
region  of  birth  upon  the  relative  number  of 
prosthetic  replacements.  Other  pa¬ 
pers  have  appeared  from  the  Navy’s  re¬ 
search  unit  on  this  subject,  but  the  material 
oovered  here  is  different.  It  represents  an 
analysis  of  the  dental  records  of  some  70,000 
navy  men.  Dental  replacements  appear  to 
increase  with  age,  as  would  be  expected, 
although  some  types  of  crowns  and  bridges 
diow  a  decrease  l^yond  the  35  year  mark. 
One  of  the  most  interesting  parts  of  this 
■tody,  and  previous  studies  by  Schlack  and 
his  associates,  is  the  finding  that  people 
in  the  West-South-Central  region  have  less 
need  for  dental  care  than  those  in  other 
regions,  and  that  the  New  England  states 
diow  a  particularly  high  rate  of  dental 
destruction.  While  some  factors  associated 
with  these  findings  may  come  to  mind  at 
once,  the  underlying  causes  are  a  challenge 
to  dental  investigators  and  may  present 
■ome  of  the  most  valuable  clues  in  the 
sobject  of  dental  caries  etiology. 

From  Denmark,  H.  Eggers  Lura  (p.  203) 
sends  a  study  on  salivary  phosphates  and 
{diosphatases.  The  work  is  quite  inclusive, 
as  indicated  by  the  results  presented  in  31 
tables.  Lura  has  shown  that  considerable 
ahifts  in  phosphorus  fractions  result  from 
the  activity  of  phosphatases  and  that  bac¬ 
teria,  tissue  cells  and  other  factors  may 
influence  the  phosphatases.  The  finding 
that  saliva,  when  left  standing,  may  show 
marked  shifts  in  the  phosphorus  fractions 
Mggest  the  needs  for  revisions  of  many 
phosphorus  presented  in  the  past  after 
analyses  on  saliva  left  for  varying  periods 
before  study.  As  the  author  suggests, 
phoq>horus  analysis  should  be  carried 
oat  immediately  after  the  collection  of 
■sUva. 

McClendon  and  Foster  (p.  233)  report 
their  studies  on  the  effect  on  dental  caries 
of  fluorapatite  powders  used  to  brush  the 


teeth.  McClendon’s  interest  in  fluorine 
dates  back  to  1917  when  he  observed  the 
insolubility  of  fluoride  in  sea  water.  The 
teeth  of  rats  brushed  with  powdered  rock 
phosphate  showed  less  decay  than  a  com¬ 
parable  group  of  litter  mate  control  rats. 
The  material  was  also  applied  to  the  teeth 
of  students  and  marked  reduction  was  re¬ 
ported  in  the  incidence  of  new  cavities  per 
man  per  year.  An  interesting  part  of  the 
study  was  the  lack  of  effect  from  swal¬ 
lowing  one  gram  of  rock  phosphate  (con¬ 
taining  31  milligrams  of  fluoride)  daily  for 
over  a  year.  The  authors  believe  that 
the  toxicity  of  fluorine  is  greatly  exag¬ 
gerated  except  for  the  mottling  produced 
in  developing  teeth.  They  believe  that 
fluorides  could  be  used  effectively  in  brush¬ 
ing  the  teeth  to  reduce  the  incidence  of 
dental  caries. 

Tulacek  and  Tilden  (p.  247)  studied  the 
action  of  antibiotics,  in  vitro,  on  micro¬ 
organisms  isolated  from  root  canals.  Their 
findings  are  applicable  beyond  the  limited 
field  of  root  canal  therapy.  They  found 
various  resistance  of  these  oral  micro¬ 
organisms  to  penicillin  and  streptomycin. 
Six  of  the  streptococcal  strains  isolated 
showed  marked  resistance  to  penicillin  and 
to  streptomycin.  It  is  interesting  to  note 
that  7  cultures  of  lactobacilli  showed 
considerable  resistance  to  penicillin  and 
that  when  lactobacilli  and  streptococci 
were  mixed  the  resistance  of  the  mixture 
was  very  much  greater  than  the  resistance 
of  pure  cultures  of  either  organism.  Those 
hoping  to  use  antibiotics  for  the  control  of 
dental  caries  should  be  very  much  interested 
in  these  results. 

Swenson  (p.  273)  produced  periodontal 
pockets  in  the  mouths  of  dogs  by  pushing 
back  the  epithelial  attachment  and  apply¬ 
ing  a  copper  band  protruding  into  the  area 
from  which  the  gingiva  had  been  surgically 
removed.  Pockets  produced  by  leaving  the 
band  on  for  15  days  were  still  present  150 
days  after  the  bands  were  removed.  A 
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method  for  studying  periodontal  disease  bores  into  wood  or  by  gnawing  at  it  as  a  dog 
and  the  reattachment  of  epithelium  to  the  gnaws  at  a  bone.  Bacteria  have  no  ap> 
tooth  root  is  afforded.  paratus  for  boring,  nor  do  they  have  mout^ 

Frisbie  and  Nuckolls  (p.  181)  have  studied  or  any  provision  for  breaking  off  small 
caries  of  enamel  in  carefully  prepared  portions  of  solid  substances  which  they 
sections  of  human  enamel.  Tliey  believe  then  swallow  whole  or  take  directly  up  at 
that  caries  operates  beneath  apparently  any  point  of  their  periphery  after  the 
sound  and  intact  enamel  surfaces.  Al>  manner  of  an  amoeba.  They  nourish 
though  the  authors  show  a  series  of  photo*  themselves  alone  by  substances  in  a  state  of 
micrographs  in  which  they  claim  to  demon*  solution,  and  if  we  present  them  solid  sub¬ 
strate  their  19  observations,  we  believe  that  stances  they  themselves  miut  liquefy  them 
there  is  still  some  doubt  as  to  the  validity  before  they  can  make  any  use  of  them  for 
of  their  conclusions.  We  believe  that  they  their  own  nourishment.*’ 
are  entirely  justified  in  voicing  their  beliefs  Pindborg  (p.  26\)  has  studied  the  effect 
and  we  hope  that  by  publishing  this  paper,  of  tobacco  on  gingivitis  and  on  calculus 
further  discussion  of  the  problem  will  be  formation.  The  study  was  made  on  a  group 
stimulated.  For  example,  in  fig.  13  we  of  Danish  Marines.  The  author  believes  as 
believe  that  all  of  the  organisms  are  not  of  a  result  of  this  study,  that  the  custom  of 
coccal  or  spheriodal  form.  We  believe  that  forbidding  smoking  during  treatment  of 
whether  the  caries  is  advancing  through  Vincent’s  infection  should  be  continued, 
organic  or  inorganic  material  is  largely  a  He  also  claims  that  one  who  smokes  has  a 
matter  of  interpretation  of  the  photomicro*  greater  chance  of  developing  ulceromem- 
graphs  or  the  original  sections.  Such  branous  gingivitis  and  that  deposition  of 
pictures  as  presented  in  fig.  11  have  been  calculus  is  effected  by  consumption  of 

seen  in  many  authors’  illustrations  and  tobacco.  The  author  u  to  be  congratulated 

have  been  interpreted  entirely  differently,  on  this  study  which  was  made  under  ex- 

Many  of  the  observations  were  made  by  tremely  advert  conditions  during  the  war* 

W.  D.  Miller  in  his  Microorganism*  of  the  time  in  Europe. 

Human  Motdh  (Phila.:  S.  S.  White),  1890.  Volker  and  Pinkerton  (p.  225)  have 
Miller  said  (p.  168) :  “The  space  between  studied  the  factors  influencing  oral  glucose 
the  loosened  prisms  are,  in  these  cases,  clearance  by  having  the  individuals  con* 
often  filled  with  the  same  fungal  masses,  sume  a  glucose  wafer,  dissolved  by  sucking, 
whereas  the  latter  never  penetrate  between  a  glucose  cube  eaten  at  normal  rate,  a 
the  prisms  of  normal  enamel.  In  grinding,  solution  of  glucose,  and  gum  base  glucose 
the  masses  of  bacteria,  as  well  as  the  loos-  chewed  during  an  experimental  period, 
ened  prisms,  are  generally  tom  away.  From  their  studies,  it  appears  that  the 
After  the  enamel  has  once  been  perforated  clearance  from  the  mouth  of  portions  of 
by  decay,  its  further  destruction  proceeds  glucose  varies  with  different  methods, 
principally  from  the  inner  surface.  This  The  clearance  was  found  to  be  most  rapid 
statement  may  at  first  seem  strange,  but  for  the  rinsed  and  swallowed  glucose  and 
will  be  found  on  closer  examination  to  be  in  slowest  for  the  sucked  glucose.  While 
accordance  with  the  observed  facts.  We  this  is  important  as  far  as  the  retention  of 
will  find  furthermore,  in  nearly  all  large  glucose  which  might  be  available  to  the 
cavities  the  decay  extending  from  the  den*  acidogens  of  the  mouth  is  concerned,  after 
tine  directly  upon  the  inner  surface  of  the  the  microorganisms  in  the  plaque  have  once 
enamel.’’  Again  on  page  170  Miller  wrote:  produced  acid  there  is  little  likelihood  that 
“The  whole  looks  as  if  the  interprismatic  they  would  be  able  to  receive  more  glucose 
substance  were  dissolved,  i.e.,  the  connec*  because  of  the  precipitated  proteins  in  the 
tion  between  the  prisms  destroyed.’’  A  mam  which  form  an  impermeable  mem- 
very  apt  quotation  from  Miller  appeared  brane  during  the  time  that  they  are  at  acid 
on  page  211  of  his  work:  “We  must  rid  level. 

ourselves  of  the  impression,  . .  .  that  the  In  another  report,  Volker  and  IHnkerton 
parasites  of  the  human  mouth  makes  holes  (p.  229)  give  the  relative  acid  producUon 
in  the  dentine  by  boring  into  it  as  a  worm  in  saliva  of  different  carbohydrate  mix- 
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toTM.  They  found  that  acid  production  in 
Bueroee-ealiva  and  starch-saliva  mixtures 
is  comparable  to  that  of  glucose-saliva 
mixtures.  It  is  suggested  that  sucrose  and 
starch  may  not  be  broken  down  into  glucose 
before  their  degradation  in  the  oral  cavity. 
Raw  carbohydrates  were  shown  to  be  con¬ 
verted  to  acid  by  saliva  at  rates  similar 
to  those  observed  for  refined  sugars.  These 
observations  should  be  interesting  to  those 
who  have  for  a  long  time  believed  that 
consumption  of  refined  carbohydrates 
should  be  discouraged,  but  that  natural 


carbohydrates  can  be  used  to  take  their 
place  to  reduce  the  possibility  of  decay. 

Faulkenheim  and  Hodge  (p.  241)  used 
bone  powder  samples  marked  with  radio¬ 
active  phosphorus  (P  32)  to  trace  the 
mechanism  of  fluoride  fixation.  Their 
observations  suggest  that  the  mechanism 
of  fluoride  adsorption  does  not  involve 
exchange  with  phosphate  since  no  more 
tagged  phosphorus  went  from  bone  to 
solution  after  fluoride  adsorption  than  in 
the  absence  of  fluoride  ions. 

H.  B.  G.  R. 


CARIES  OF  THE  ENAMEL 


A  Hi8TOPATHou>aiCAL  Studt  OF  Caries  of  the  Human  Enamel 
Operating  beneath  Apparently  Sound  and 
Intact  Enamel  Surfaces' 

HARRY  E.  FRISBIE  and  JAM^  NUCKOLLS 

From  tho  Divition  of  Operative  Dentietry,  Section  of  Oral  Pathology,  College  of  Dentietry, 
Univerrity  of  California,  San  Franeiteo,  Calif. 

INTRODUCTION 

A  previous  histolc^cal  study  on  amelogenesis  (1,  2)  in  the  molar  tooth  of  the 
rat  clearly  demonstrated  that  each  enamel-forming  cell  is  responsible  for  the 
formation  of  a  single  organic  rod  and  its  adjacent  inter-rod  substance  which 
subsequently  undergoes  a  progressive  mineralization.  Saunders,  Nuckolls  and 
Frisbie  were  able  to  show  that  this  protein  matrix  remained  within  the  enamel 
up  to  the  time  the  tooth  erupted.  It  was,  therefore,  reasonable  to  assume  that 
it  might  be  recovered  from  the  adult  structure  if  the  proper  procedures  were 
employed. 

Frisbie,  Nuckolls  and  Saunders  (3)  reported  the  presence  of  an  organic  matrix 
in  the  adult  human  tooth  and  described  a  method  for  its  recovery.  The  demon- 
s^tion  of  a  continuous  organic  structure  in  the  adult  tooth  greatly  modified 
many  of  the  existing  theories  of  enamel  formation  and,  in  addition,  provided  a 
valuable  means  by  which  a  more  direct  observation  of  the  mechanisms  involved 
in  the  pathology  of  caries  of  enamel  can  be  made.  In  a  report  (3)  of  the  carious 
lemon  and  its  effect  on  the  matrix,  they  claimed  that  caries  of  the  enamel  is 
more  than  a  simple  acid  erosion  effecting  a  removal  of  the  inorganic  salts  and 
that  organic  matrix  is  fundamentally  related  to  the  pathological  process.  A 
working  hypothesis,  based  on  these  observations,  was  offered:  namely,  that 
with  the  establishment  of  the  lesion,  caries  is  a  degradation  of  the  organic 
matrix  resulting  from  the  enzymatic  action  of  microorganisms,  which  is  followed 
by  a  physical  disintegration  of  the  inorganic  salts.  This  disintegration  is  in 
part  accounted  for  by  the  loss  of  the  supporting  matrix. 

Since  reporting  these  findings,  further  studies  have  been  conducted  on  the 
histopathology  of  the  carious  lesion  on  macroscopically  smooth,  unbroken 
enamel  surfaces  in  which  “brown  stain”  on  the  enamel  surface  was  the  only 
visible  evidence  of  the  presence  of  a  caries  lesion  (4). 

MATERIAL  AND  METHODS 

Following  the  identical  technic  reported  in  earlier  studies,  human  teeth  were 
placed  in  10%  neutral  formol  immediately  following  their  extraction.  These 

'  Presented  at  the  25th  General  Meeting  of  the  International  Association  for  Dental  Re¬ 
search,  Kansas  City,  Missouri,  March  17,  1946  (/.  D.  Ret.  26:  166, 1946).  This  work  was 
supported  in  part  by  a  grant  from  the  James  Foundation  of  New  York,  Inc.  Received  for 
Publication  March  13,  1947. 
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teeth  were  allowed  to  reDiain  in  the  solution  for  a  minimal  period  of  30  days. 
When  observed  under  the  binocular  microscope,  the  teeth  selected  for  study 
showed  evidence  of  discoloration  in  confined  areas  only,  with  no  visible  evidence 
of  a  break  in  the  surface  continuity.  These  areas  on  the  enamel  surface,  al¬ 
though  discolored,  were  essentially  hard.  Longitudinal  sections,  approxi¬ 
mately  1  mm.  in  thickness,  were  cut  through  these  areas  under  water,  care 
being  taken  to  include  on  either  side  apparently  sound,  nondiscolored  enamel. 
These  thick  sections  were  examined  under  the  binocular  microscope  in  order  to 
provide  a  gross  picture  of  the  carious  penetration.  Since  it  was  conceivable 
that  varying  amounts  of  dentin  might  be  involved,  a  suflficient  amount  of  this 
structure  was  retained  in  order  to  study  the  relationship  of  caries  of  the  enamel 
to  that  of  dentin.  It  was  important  to  keep  the  specimen  wet  at  all  times,  rince 
a  slight  dehydration  produces  artifacts  and  shrinkage,  especially  at  the  dentino- 
enamel  junction.  The  sections  containing  the  carious  areas  were  fixed  for  a 
further  60-day  period  or  longer.  Decalcification  was  then  carried  out  in  10% 
nitric  acid  in  80%  alcohol.  After  decalcification  of  the  matrix,  the  technic 
employed  for  embedding  and  sectioning  of  the  tissue  was  essentially  the  same  as 
that  described  by  Frisbie,  Nuckolls  and  Saunders  (3). 

Stains  employed  included  the  use  of  hematoxylin  and  eosin,  which  give  a 
general  differentiation  between  the  carious  and  non-carious  organic  matrix. 
Gram-Weigert  and  MacCallum’s  modification  of  Gram  stain  were  found  most 
suitable  for  the  demonstration  of  microorganisms.  The  general  disadvantage 
of  the  Gram  stains  is  their  tendency  to  fade  rather  rapidly;  therefore  it  is  neces¬ 
sary  to  photograph  the  sections  in  color  almost  immediately  following  their 
preparation.  Von  Kossa’s  (5)  method  of  staining  for  calcium  w^as  employed  in 
order  to  determine  whether  a  complete  removal  of  the  calcium  salts  from  the 
matrix  had  been  accomplished.  Serial  histologic  sections,  cut  to  the  order  of  3 
and  4  n  were  made  and  every  tenth  section  was  photographed. 

OBSERVATIONS 

A.  Restricted  Caries  (So-called  arrested  caries). 

The  term  “restricted  caries”  is  applied  for  convenience  to  designate  a  mode  of 
penetration  which  is  slowly  progressive  and  is  evidenced  by  the  appearance  of  a 
brown-stained  spot  in  the  intact  enamel  surface  of  a  tooth  {fig.  1).  The  patho¬ 
logical  process  does  not  differ  essentially  from  that  described  previously  (3). 

1.  The  Macroscopic  Appearance  of  the  Surface  'Lesion  in  Restricted  Caries. 
The  gross  appearance  of  the  surface  lesion  is  that  of  a  hard,  intact  enamel 
surface,  a  part  of  which  contains  a  stained  area  which  varies  in  intensity  from 
yellow  to  brown.  Thin  ground  sections  demonstrate  the  discoloration  extending 
from  the  surface  to  varying  depths  within  the  enamel  structure.  In  areas  of 
more  extensive  involvement,  the  brown  stain  may  extend  to  the  dentino-enamd 
junction  and  may  involve  the  dentin  {fig.  B).  In  these  undecalcified  ground 
sections,  it  should  be  emphasized  that,  although  discolored,  the  enamel  on  the 
surface,  as  well  as  the  carious  extension  within  the  enamel,  is  essentially  hard  in 
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the  physical  sense.  Examination  by  means  of  instruments  may  or  may  not 
reveal  a  roughened  or  irregular  surface  {fig.  1). 

2.  The  Microscopic  Appearance  of  the  Surface  Plaque.'^  if  is  evident  that  the 
initial  surface  lesion  has  been  established  for  some  time.  A  microscopic  plaque 
overlies  the  stained  carious  surface  of  the  tooth.  The  surface  appears  unbroken 
in  situ,  but  when  the  enamel  is  fixed,  decalcified,  sectioned  and  studied  under 
the  higher  powers  of  the  microscope,  evidence  of  numerous  microscopic  portals 
of  entry  can  be  determined.  Spheroid-appearing  microorganisms  have  long 
since  penetrated  the  surface  and  established  a  lesion  well  within  the  enamel. 
Gram-positive  filamentous  organisms  now  form  a  dense  mat  on  the  surface  of 


A 


Fig.  1.  Approximal  surface  of  an  adult  human  lower  molar  tooth  X  5.  Illustrating 
brown-stained  spot  in  hard,  intact  surface  (Restricted  caries,  or  so-called  arrested  Caries). 
.4.  Brown-stained  area  of  hard,  intact  enamel  surface.  B.  Calculus  adhering  to  cervical 
line. 

the  tooth  and  have  a  parallel  arrangement  to  one  another  (fig.  5);  in  the  deeper 
part,  approximating  the  disintegrating  surface  of  the  tooth,  these  filamentous 
forms  are  seen  to  project  them.selves  directly  into  the  surface  lesion  so  as  to 
appear  partly  within  the  degraded  organic  mass  (fig.  4)-  Their  appearance 
within  the  matrix  is  apparently  secondary  to  the  establishment  of  the  superficial 
carious  process  and  is  made  only  after  some  surface  enamel  degradation  has 
taken  place.  The  primary  invaders  are  Gram-positive  and  appear  to  be  of  a 
spheroidal  type. 

3.  The  Microscopic  Appearance  of  the  Organic  Matrix  in  the  Carious  Lesion. 
.\lthough  the  surface  of  the  tooth  may  seem  apparently  intact,  a  histologic 
examination  of  the  serial  sections  taken  from  the  brown-stained  area  will,  in 

*  See  reference  3,  Plaque  Formation. 
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many  cases,  reveal  an  organic  disintegration  of  the  matrix  which  extends  in  some 
instances  to  the  dentino-enamel  junction  and  there  establishes  a  secondary  focus 
and  retrograde  spread  of  the  carious  lesion  (figs.  2,5).  This  area  of  organic 
degradation  may  have  had  its  surface  initiation  from  multiple  points  on  the 


Fig.  2.  Demineralized  organic  matrix  from  adult  human  tooth.  4  n  neutral  formol  fix¬ 
ation  Hematoxylin  and  Eosin  X  60.  Note  area  of  extensive  involvement  extending  later¬ 
ally  within  enamel  and  involving  dentino-enamel  junction.  A.  Demineralized  normal 
enamel  matrix.  B.  Lateral  extension  within  enamel.  C.  General  area  of  organic  matrix 
degradation.  D.  Islands  of  uninfected  normal  matrix.  E.  Lateral  and  retrograde  spread 
on  enamel  side  of  dentino-enamel  junction.  F.  Initial  penetration  of  carious  process  into 
dentin.  G.  Normal  dentin. 


tooth  surface,  but  now  the  appearance  of  the  early  lesion  is  that  of  a  solid  front 
extending  for  a  variable  distance  within  the  enamel  {fig.  6).  With  deeper 
penetration,  the  carious  process  extends  laterally  in  all  directions  beneath  the 
surface  of  the  tooth  so  that  an  involvement  of  a  considerable  amount  of  the 
enamel  structure  occurs  {figs.  2,  7),  therby  establishing  a  central  focus  of  infec- 
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Fig.  4.  Demineralized  organic  enamel  matrix  from  adult  human  tooth.  4  n  neutral  for- 
mol  fixation  MacCallum’s  Gram  X  1140.  Note  surface  degradation  of  organic  matrix  with 
filamentous  forms  projecting  themselves  directly  into  surface  lesion  so  as  to  appear  partly 
within  degraded  organic  mass.  A.  Filamentous  organims  of  surface  plaque.  B.  De¬ 
graded  organic  matrix  with  filamentous  micro-organisms  partially  within  mass.  C.  Af¬ 
fected  enantel  rods  in  parallel  relation.  1).  Inter-rod  substance. 


Fig.  3.  Demineralized  organic  enamel  matrix  from  adult  human  tooth.  4  n  neutral  for- 
mol  fi.xation  MacCallum’s  Gram  X  760.  Note  Gram-positive  filamentous  organisms  in 
parallel  arrangement  to  one  another,  forming  characteristic  dense  mat  of  microscopic  plaque 
in  restricted  caries.  A.  Filamentous  microorganisms.  B.  Microorganisms  in  proximity 
to  enamel  matrix.  Note  evidence  of  numerous  microscopic  portals  of  entry  and  micro¬ 
scopic  irregularities  of  surface.  C.  Normal  enamel  rods  in  cross  section. 
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tion  {fig.  8).^  Multiple,  irregular  channels  spearhead  out  in  all  directions  from 
the  peripheiA"  of  this  focus  and  extend  through  the  substance  of  the  healthy 
matrix  {fig.  9).  These  spearheading  tracts  multiply  and  present  extremely 
complex  patterns  as  progressive  degenerative  changes  occur  and  wide  areas  of 
the  matrix  become  involved.  Concomitantly  with  the  spearheading  tracts, 
the  peripheral  matrix  of  the  central  focus  undergoes  a  progressive  degeneration. 
Islands  of  healthy  matrix  are  isolated  by  the  anastomosing  of  these  carious 
channels.^  When  this  process  reaches  its  final  stage,  all  degrees  of  solution  of 
the  organic  rods  may  be  observed  in  the  center  of  the  lesion  {jig.  10). 


Fig.  5.  IJominpralized  organic  enamel  matrix  from  the  adult  human  tooth.  6  m  neutra 
formol  fixation  MacCallum’s  Gram  X  240.  Note  extension  of  carious  lesion  to  dentino- 
enamel  junction  with  lateral  extension  on  enamel  side  and  retrograde  spread.  A.  Normal 
enamel  overlying  carious  lesion.  li.  Carious  lesion  and  retrograde  extension  toward  sur¬ 
face  of  tooth.  C.  Artifact  due  to  shrinkage  in  preparation.  D.  Invasion  of  occasional 
dentinal  tubule  by  Gram-positive  spheroidal  microorganisms.  E.  Normal  dentin. 


4.  The  Appearance  of  the  Organic  Matrix  at  the  Periphery  of  the  Focus.  The 
appearance  of  the  pathological  process  associated  with  the  peripheral  extension 
of  the  lesion  in  restricted  caries  differs  but  little  from  that  of  the  lesion  of  super¬ 
ficial  caries,  which  was  descril.'ed  by  us  in  a  previous  communication  (3).  It  is 
to  lx;  pointed  out,  however,  that  the  ends  of  the  enamel  rods  have  been  opened 
up  and,  occasionally,  organisms  are  found  spearheading  dtH^p  within  the  matrix, 
well  beyond  the  general  area  of  decomposition,  and  occupying  the  core  of  the 
individual  rods  or  lying  within  the  inter-rod  matrix.  In  such  areas  of  deeper 


*  See  reference  3,  jig.  7. 

*  See  reference  3,  jig.  11. 
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penetration,  the  organisms  seem  to  be  of  the  spheroid  form  and  take  the  Gram¬ 
positive  stain  {jig.  9,11).  The  protein  matrix  which  has  been  invaded  by 
microorganisms  is  strongly  acidophilic  and  contrasts  markedly  with  the  sur¬ 
rounding  normal  matrix.  This  increase  in  the  staining  reaction  is  the  earliest 
indication  of  a  pathological  change  occurring  in  the  matrix.  The  increasing 
acceptance  of  the  dye  by  the  matrix  may  extend  into  the  substance  of  the 


Fig.  6.  Demineralized  organic  enamel  matrix  from  adult  human  tooth.  4  n  neutral  for- 
mol  fixation  Gram  Weigert  X  600.  Note  ap|)earance  of  early  lesion  extending  for  variable 
distances  within  the  enamel.  A.  Bacterial  plaque  and  organic  matrix  which  has  undergone 
complete  degradation.  B.  Intense  acidophilic  staining  of  infected  organic  rods.  C.  Ex¬ 
tension  of  infection  into  deeper  part  of  enamel  matrix.  1).  Normal  enamel  rods  on  cross 
section. 


enamel  for  a  considerable  distance  ahead  of  bacterial  invasion  and  disintegration 
of  the  enamel.® 

The  periphery  of  the  matrix  in  the  infected  area  of  the  central  f(K*us,  as  well  as 
the  periphery  of  the  isolated  islands  of  normal  structure,  prest'nts  a  similar 
increase  in  staining  reaction.  This  is  closely  followed  by  a  progres.sive  loss  of 
structural  detail  of  the  organic  nnls  toward  the  center  of  the  focus,  and  when  this 
alteration  is  advanced,  the  matrix  becomes  almost  homogeneous  in  appearance 
(Jig.  10).  P^ventually  the  affected  {leripheral  area  undei-go<‘s  a  complet(‘  break¬ 
down.  The  relatively  early  stages  of  degradation  presimt  an  intensify  staining 

*  See  reference  3,  fig.  4- 


188 


HARRY  E.  FRISBIE  AND  JAMES  NUCKOLLS 


matrix,  and  those  areas  at  the  periphery  of  the  lesion  where  the  rods  have  just 
begun  to  lose  their  definition  are,  for  the  greater  part,  free  of  microorganisms. 
At  a  later  stage,  when  the  organic  rods  have  begun  to  undergo  a  definite  dis¬ 
integration  and  solution,  microorganisms  are  observed  in  great  abundance. 
It  should  be  emphasized  that,  at  this  stage  of  extensive  involvement,  the  or¬ 
ganisms  are  found  predominately  at  the  periphery  of  the  lesion.  The  micro¬ 
organisms  associated  with  the  early  invasion  of  the  enamel  matrix  have  a  sphe¬ 
roidal  appearance.  When  the  degradation  of  the  matrix  is  more  advanced, 


Vig.  7.  Demineralized  enamel  matrix  from  adult  human  tooth.  Neutral  formol  fixation 
hematoxylin  and  eosin  X  40.  Note  lateral  extension  of  advancing  tracts  from  central 
focus  leaving  shell  of  uninvolved  enamel  on  surface  of  tooth.  A.  Uninfected  enamel  matrix 
forming  surface  of  tooth.  B.  Lateral  extension  of  advancing  tracts  undermining  surface 
enamel.  C.  Lateral  and  retrograde  spread  on  enamel  side  of  dentino-enamel  junction. 
D.  .\rtifact  due  to  shrinkage  during  preparation.  E.  Invasion  of  dentin  following  estab¬ 
lishment  of  central  focus  and  retrograde  spread  of  carious  process.  F.  Normal  dentin. 

organisms  found  in  the  central  focus  show  variation  in  morphological  typt's. 
The  spheroidal  forms  no  longer  predominate,  but  filamentous  organisms  are  seen 
in  greater  abundance.  Their  relationship  to  the  advancing  lesion  in  the  central 
focus  is  relatively  constant  in  restricted  caries  (fig.  12).  In  the  center  of  tne 
focus,  where  the  breakdown  of  the  organic  matrix  nears  completion,  relatively 
few  organisms  are  to  be  found  (fig.  10,12). 

5.  Retrograde  Spread  from  Denlino-Enamel  Focus.  Having  reached  the 
dentino-enamel  junction,  the  carious  process  extends  laterally  along  the  junction, 
opening  up  the  dentinal  extremities  ot  the  rods  and  inter-rod  intervals,  and  thus 
establishes  a  retrograde  spread.  The  lateral  spread  of  the  focus  seems  to  be  at 
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first  confined  to  the  enamel  matrix,  and  only  when  disintegration  is  advanced 
does  the  dentin  become  involved  {Jig.  5).  This  spread  on  the  enamel  side  of 
the  junction  appears  to  be  a  characteristic  feature  of  the  late  phase  of  the  carious 
lesion,  although  there  is  as  yet  no  macroscopic  evidence  of  physical  disintegra¬ 
tion  of  the  enamel  surface. 

H.  Caries  Penetration  into  the  Dentin. 


Fig.  8.  Demineralized  organic  matrix  from  adult  human  tooth.  4  m  neutral  formol  hx- 
ation  Gram  Weigert  X  1140.  Note  deep  infection  of  organic  matrix  with  numerous  portals 
of  entry  from  surface.  Note  first  evidence  of  establishment  of  central  focus  of  infection. 
A.  Bacterial  plaque.  B.  Degraded  organic  matrix.  C.  Multiple  portals  of  entry.  D. 
Beginning  establishment  of  a  central  focus  of  infection.  E.  Normal  organic  rods  of  the 
matrix  on  cross  section. 

Concomitant  with  the  establishment  of  a  deep  focus  within  the  enamel  struc¬ 
ture  and  the  lateral  spread  of  the  carious  process  on  the  enamel  side  of  the 
dentino-enamel  junction,  microorganisms  are  observed  to  penetrate  into  the 
dentin  (%.  o).  These  microorganisms  are  of  the  same  morphological  type  as 
those  .seen  in  the  spearheads  of  the  early  enamel  lesion.  They  are  few  in  numlier 
at  first  and  penetrate  the  dentin  only  after  an  amount  of  destruction  has  taken 
place  on  the  enamel  side  of  the  dentino-enamel  junction.  These  microorganisms 
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apparently  follow  along  the  inner  wall  of  the  dentinal  tubule  and  are  found  in 
the  center  of  the  tubule  only  after  the  dentinal  fibril  has  become  affected  (fig.  13) 
(6).  The  pathological  process  apparently  progresses  with  greater  rapidity  in 
the  dentin  than  it  does  in  the  enamel  because  of  the  higher  content  of  organic 
material  in  the  former,  but  the  carious  lesion  and  the  microorganisms  associated 


Fig.  9.  Demineralized  enamel  matrix  from  adult  human  tooth.  4  m  neutral  formol  fix¬ 
ation  Gram  Weigert  X  600.  Note  siiearheading  of  infectious  process  from  periphery  of 
central  focus  into  organic  substance  of  healthy  matrix.  A.  Perimeter  of  central  focus  of 
infection.  B.  Infected  rods  undergoing  organic  degradation,  indicated  by  increasing  ac¬ 
ceptance  of  dye.  C.  Normal  rods  of  enamel  matrix  on  cross  section.  D.  Spearheading  of 
infectious  process  into  substance  of  healthy  matrix. 

with  the  disease  are  essentially  the  same  in  both  structures.  A  more  complete 
description  of  caries  of  the  dentin  will  l)e  the  subject  of  a  further  communication. 

DISCUSSION 

The  action  of  fixative  agents  on  the  hard  structures  of  the  teeth  has  not  been 
given  sufficient  emphasis  in  the  past,  and  this  lack  of  understanding  has  led  to 
many  misconceptions  with  regard  to  solubility  and  insolubility  of  enamel  in 
both  the  developing  and  the  erupted  tooth.  The  nature  of  the  fixative  agent 
and  its  action  on  the  matrix  and  the  degree  of  mineralization  of  the  matrix  are 
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important  factors  which  must  be  considered  if  experiments  are  to  yield  the  true 
nature  of  the  conditions  at  hand. 

Several  investigators,  Baumgartner  (7),  Fleischmann  (8),  Malleson  (9), 
Bodecker  (10,  11),  Bodecker  and  Bodecker  (12),  Bibby  (13)  and  Berke  (14,  15) 
have  demonstrated  penetration  of  bacteria  in  caries  of  the  enamel  and  have  also 
recognized  that  the  disease  is  not  entirely  one  of  decalcification.  They  consider 


Fig.  10.  Demineralized  organic  matrix  from  adult  human  tooth.  Cross  section  of  brown- 
stained  area.  4  /i  neutral  formol  fixation.  Gram  Weigert  X  600.  Note  advanced  degenera¬ 
tive  carious  process  in  which  all  degrees  of  matrix  degradation  may  be  observed.  .\.  Sur¬ 
face  of  intact  brown-stained  area.  B.  Infected  rods  undergoing  degradation  at  periphery 
of  lesion.  C.  Central  area  of  lesion  where  all  rod  detail  is  lost.  D.  Normal  enamel  with 
organic  rods  in  cross  section.  Note:  Clinically,  surface  continuity  of  enamel  is  relatively 
intact  and  may  show  only  slight  roughening. 

caries  to  be  a  two-phase  process  in  which  both  acid  decalcification  and  proteolysis 
play  a  part.  Careful  study  of  the  papers  of  these  investigators  fails  to  reveal 
that  they  were  aware  of  a  complete  organic  matrix  within  the  enamel  and  of  its 
importance  in  the  overall  pathological  picture.  Since  necessity  for  complete 
denaturation  during  fixation  was  not  appreciated  at  the  time  of  their  investiga¬ 
tions,  they  were  unaware  that  the  organic  content  of  the  enamel  was  of  impor¬ 
tance  in  the  carious  process. 

Beust  (17)  discussed  the  clinical  appearance  of  brown  stains  on  the  surfaces 
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of  teeth  and  demonstrated  to  his  satisfaction,  by  daboratory  procedures,  that 
these  areas  contained  some  organic  material.  He  was  able  to  demonstrate  an 
organic  matrix  in  these  areas  by  incompletely  decalcifying  the  enamel.  It  was 
noted  that  the  mass  in  brown-stained  areas  remained  relatively  intact.  His 
next  procedure  was  to  ash  the  stained  area  and  then  complete  the  demineraliza¬ 
tion.  By  ashing  he  destroyed  the  organic  part  and  the  remaining  salts  went 


Fig.  11.  Demineralized  organic  enamel  matrix  from  adult  human  tooth.  4  n  neutral 
formol  fixation.  MacCallum’s  Dram  X  1140.  Organisms  are  of  spheroidal  type  and  oc¬ 
cupy  cores  of  individual  rods  or  inter-rod  substance.  A.  Degraded  perimeter  of  lesion. 
B.  Deeply  penetrating  Dram-positive,  apparently  spheroidal  organisms  within  rod.  C. 
Normal  enamel  matrix. 

■ff 

into  solution  because  of  the  acid  action.  Beust  likewise  appears  to  have  been 
unaware  of  the  problems  of  H.xation  in  preserving  the  organic  content  of  the 
enamel;  however  it  might  be  assumed  that  he  employed  a  fixing  agent  as  a  more 
or  less  routine  procedure  so  that  a  partial  fixation  of  the  organic  substance 
would  allow  for  a  recovery  of  the  carious  matrix  in  a  specific  area. 

In  1932  Enright,  Friesell  and  Trescher  (18)  repeated  the  work  of  Beust. 
In  so  doing  they  employed  a  fixing  agent  prior  to  decalcification  of  the  enamel 
and  succeeded  in  recovering  a  limited  amount  of  the  protein  from  the  stained 
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area;  but  they,  too,  were  apparently  not  cognizant  of  the  importance  of  the 
organic  matrix  in  the  development  of  enamel  and  in  the  study  of  the  pathologj’ 
of  enamel.  They  offered  as  an  explanation  that  this  reaction  was  the  result  of 
an  accumidation  of  mucous,  dead  organisms  and  debris.  This  appearance 
was  called  condensation  or  con.solidation,  a  term  used  in  much  the  same  sense 
as  designated  by  Malleson  (9)  Bodeeker  (10,  11,  12)  and  Bibby  (19,  20)  who 
thought  of  condensation  as  a  defensive  mechanism  which  in  some  way  rendered 
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Fig.  12.  Demineralized  organic  enamel  matrix  from  adult  human  tooth.  Cross  section  of 
periphery  of  central  focus  of  advanced  lesion.  Neutral  formol  fixation  4  m  Gram  Weigert 
X  750.  Note  position  and  character  of  organisms  at  stage  of  extensive  involvement.  A. 
Central  focus  of  carious  lesion.  B.  Filamentous  microorganisms  at  periphery  of  advanced 
carious  lesion.  C.  Organic  matrix  undergoing  breakdown  ahead  of  organisms.  D.  Un¬ 
affected  enamel  matrix.  Note:  .\t  this  late  stage  of  matrix  degradation,  microorganisms 
are  found  predominantly  at  periphery  of  central  focus  of  lesion. 

the  enamel  less  susceptible  to  acid  erosion.  Gottlieb  (21)  apparently  held  a 
similar  view  of  an  acctimulation  of  debris  during  the  carious  process  but  employs 
the  term  “enrichment.” 

In  discus.sing  the  paper  of  Enright,  Trescher  and  Friesell,  Roseburj'  (22) 
pointed  out  that  he  was  partially  able  to  retain  organic  fragments  in  incom¬ 
pletely  decalcified  enamel.  He  was  primarily  concerned  with  the  idea  that 
artifacts  might  be  produced  through  the  employment  of  a  fixing  agent.  He,  too, 
was  apparently  unaware  of  the  importance  of  fixation  in  the  recovery  of  the 
orgatiic  matrix  from  the  enamel  structure.  Frisbie,  Nuckolls  and  Saunders  (3) 


194 


HARRY  E.  FRISBIE  AND  JAMES  NUCKOLLS 


made  a  similar  observation  associated  with  the  development  of  the  carious 
lesion  when  fixation  of  the  entire  structure  was  incomplete.  The  appearances 
found  by  these  authors  in  stained  enamel,  when  viewed  in  relationship  to  the 
full  width  of  the  enamel  matrix,  can  be  shown  to  be  an  early  stage  in  matrix 
degradation,  wherein  the  alteration  of  the  matrix  structure  permits  fixation  at  a 
more  rapid  rate  than  in  the  normal  structure.  When  prepared  for  histological 
examination,  the  carious  enamel  matrix  will  exhibit  a  more  intense  tinctorial 
reaction  than  the  unaffected  surrounding  tissue. 

Weinmann,  Wessinger  and  Reed  (23)  carried  out  a  study  on  calcification  of 
the  organic  enamel  matrix.  They  employed  a  fixing  agent  which,  by  producing 
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Fig.  13.  Demineralized  organic  dentin  matrix  from  adult  human  tooth.  4  n  neutral 
formol  fixation.  MacCallum’s  Gram  X  1140.  Note  penetration  of  the  inner  walls  of  den¬ 
tinal  tubule.  A.  Dentinal  tubule.  B.  Advanced  penetration  along  inner  wall  of  the 
tubule  by  Gram-positive  spheroidal  appearing  microorganisms.  Note:  Morphological 
similarity  between  spearheading  microorganisms  in  enamel  and  dentin. 

a  precipitation  of  the  protein  matrix  in  the  area  undergoing  mineralization,  tends 
to  delay,  if  not  prevent,  complete  fixation  of  the  enamel  structure.  They 
Cjifncluded  that  after  a  mineral  deposition  in  the  matrix  had  been  going  on  for 
some  time,  the  mineralizing  matrix  became  acid  soluble.  In  contrast,  the 
areas  of  lesser  mineralization  approximating  the  cervical  line  were  found  to  be 
acid  insoluble.  In  our  opinion  the  different  rates  of  penetration  of  the  chemical 
agent  in  the  more  heavily  mineralized  areas  when  compared  with  areas  of  lesser 
mineralization,  is  responsible  for  this  observation.  The  fixative  agent  pene¬ 
trated  the  areas  of  heavy  mineralization  to  a  lesser  degree,  or  not  at  all,  and 
therefore  resulted  in  an  incomplete  denaturation  of  the  mineralized  protein 
content  of  the  enamel,  the  undenatured  protein  being  more  soluble  than  when 
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the  penetration  was  more  complete.  Incomplete  denaturation  allowed  these 
organic  and  inorganic  constituents  of  the  more  densely  mineralized  part  to  go 
into  solution  at  approximately  the  same  time  and  the  results  obtained  cannot, 
therefore,  be  ascribed  to  differences  in  acid  solubiHty. 

Saunders,  Nuckolls  and  Frisbie  (1)  and  Frisbie,  Nuckolls  and  Saunders  (3) 
stressed  the  importance  of  appropriate  fixation  and  denaturation  of  the  protein 
matrix  if  it  were  to  be  recovered  in  any  quantities  and  to  show  structural  detail 
from  either  the  developing,  fully  erupted,  or  carious  tooth.  A  study  conducted 
in  our  laboratory  on  the  action  of  fixative  agents  in  gelatin  (24)  suggested  that  if 
distortion  and  artifact  are  to  be  minimized  during  fixation,  the  agent  must  pro¬ 
duce  a  complete  and  continuous  denaturation  of  the  substance.  Any  chemical 
agent  which  tends  to  precipitate  the  oi^anic  structure  will  eventually  produce  a 
barrier  to  the  further  ingress  of  the  fixative  agent.  As  in  previous  investigations, 
gelatin  experiments  demonstrated  that  aqueous  10%  neutral  formol  produced  the 
least  change  in  structure  undergoing  fixation. 

The  action  of  formol  in  producing  protein  denaturation  renders  the  organic 
matrix  of  the  enamel  less  soluble  to  the  acids  used  in  decalcification,  permitting 
it  to  be  recovered  on  removal  of  the  calcium  salts.  It  is  admitted  that  the  acids 
employed  in  decalcification  no  doubt  cause  some  solution  of  the  organic  matrix 
along  with  the  mineral  complex.  However,  a  sufficient  amount  of  the  matrix  is 
retained  to  permit  precise  histological  study  and  the  establishment  of  its  relation¬ 
ship  to  the  pathological  process  of  caries  of  the  enamel.  In  addition,  our  studies 
lead  us  to  believe  that  there  is  a  greater  ratio  of  organic  material  to  the  inorganic 
complex  than  has  been  heretofore  determined.  The  advent  and  refinements  of 
microtechnics  may  bring  about  a  re-evaluation  as  to  the  ratio  of  organic  to  inor¬ 
ganic  content  of  the  enamel  and  the  nature  of  the  organic  matrix  itself.  Such 
procedures  are  being  investigated  in  our  laboratory. 

Frisbie,  Nuckolls  and  Saunders  (3)  described  several  distinct  types  of  extension 
of  the  carious  lesion.  Further  studies  extend  and  clarify  these  early  observa¬ 
tions.  Our  recent  unpublished  observations  on  caries  in  the  hamster  indicate 
that  the  plaque  and  the  surface  lesion  may  have  their  inception  in  the  protein  (ff 
the  secondary  cuticle  which  remains  adherent  to  the  protected  surfaces  of  the 
teeth  following  eruption.  An  extension  of  this  process  results  in  the  surface 
penetration  of  the  uncalcified  organic  tracts  and  the  establishment  of  carious 
lamellae.  A  similar  process  has  long  been  observed  and  recognized  with 
regard  to  the  oi^anic  content  in  caries  of  pits  and  fissures  in  the  human,  the 
organic  inclusions  affording  a  favorable  medium  for  bacterial  attack  which 
progresses  to  the  deeper  parts  of  the  enamel  and  dentin  structure. 

With  appropriate  fixation  and  careful  handling  it  is  possible  to  retain  the 
bacterial  plaque  in  situ  overlying  the  area  of  superficial  carious  enamel.  De¬ 
pending  on  the  surface  conditions,  the  plaque  may  vary  in  thickness  from  a 
visual  accumulation  of  material  to  one  of  microscopic  proportions  which  cannot 
be  detected  by  instrumental  examination.  As  in  the  deeper  lesion,  the  morpho¬ 
logical  relationship  of  the  organisms  seems  to  be  relatively  constant.  The 
thread  forms  predominate  in  the  superficial  layers,  but  the'  spheroid  organisms 
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are  found  in  immediate  approximity  to  the  surface  zone  of  active  enamel  di»- 
int^ration.  From  our  preliminary  studies  of  the  plaque  it  seems  permissible 
to  state  that  its  formation  progresses  in  a  rather  stereotjT)ed  way.  The  authors 
have  placed  removable  appliances  in  the  oral  cavity.  These  appliances  con¬ 
tained  plastic  cover  glasses  which  were  removed,  stained  and  studied  under  the 
microscope  at  regular  intervals.  The  preliminary  findings — ^which  are  ad¬ 
mittedly  incomplete — 8er\'e  to  throw  some  light  on  the  development  of  the 
plaque.  There  is  first  an  accumulation  of  an  amorphous  mucinous  background 
in  which  the  coccoid  and  filamentous  organisms  subsequently  make  their  ap¬ 
pearance.  This  observation  w'ould  seem  to  concur  in  general  with  the  appear¬ 
ance  of  bacteria  within  the  plaque  on  the  surface  of  the  tooth.  The  relationship 
of  the  plaque  to  the  surface  of  the  tooth  in  early  caries,  which  occur  shortly 
after  tooth  eruption,  is  in  all  probability  associated  with  the  presence  of  the 
organic  secondary  cuticle.  Observ  ations  with  regard  to  animal  experimentation 
remove  these  deductions  from  the  realm  of  conjecture. 

The  matrix  immediately  underlying  the  surface  plaque  early  exhibits  an 
increasingly  intense  acidophilic  reaction  to  stains  when  compared  with  the 
deeper  placed  and  normal  matrix.  This  acidophilic  alteration  is  the  earliest 
evddence  of  observed  pathological  change  and  may  extend  into  the  substance 
of  the  enamel  for  a  considerable  distance  ahead  of  its  solution.*  Concomitant 
with,  and  closely  following  this  change,  is  a  progressive  loss  of  structural  detail 
in  enamel  elements;  and  when  the  pathological  change  is  advanced,  the  matrix 
becomes  almost  homogenous.  As  yet  the  organisms  may  not  have  penetrated 
the  cores  of  the  rods  and  inter-rod  intervals.  With  the  establishment  of  the 
superficial  carious  lesion,  further  progress  is  observed  to  extend  along  narrow 
irregular  tracts^  or  to  spread  out  so  as  to  include  large  surface  areas.* 

One  form  of  caries  is  evidenced  by  narrow,  irregular  tracts  which  penetrate 
deeply  and  on  superficial  examination  of  routinely  stained  preparations,  closely 
resemble  the  classically  described  enamel  lamellae  and  may  be  mistaken  for  them 
in  preparations  in  which  the  preservation  of  the  enamel  matrix  is  incomplete 
or  imperfect.  Under  the  higher  power  of  the  microscope  and  with  bacteriological 
stains,  these  tracts  are  found  to  consist  of  from  one  to  several  isolated  rods  in 
thickness,  the  cores  of  the  rods  being  packed  with  organisms.  The  infected 
rod  undergoes  mild  degenerative  changes  which  produce  the  differential  staining 
reactions  seen  in  routine  preparations.  In  some  instances  the  infection  is  con¬ 
fined  to  straight  courses  following  what  we  consider  to  be  incompletely  mineral¬ 
ized  rods  to  the  dentinoenamel  junction  and  there  establishes  a  focus  of 
retrograde  spread.  It  has  been  suggested  that  the  enamel  rods  may  remain 
immature  in  development  and  mineralization  and  are,  therefore,  more  suscep¬ 
tible  to  invasion  by  microorganisms.  In  the  earlier  stages  of  breakdown,  it 
is  impossible  to  determine  the  presence  of  these  tracts  by  roentgenographio 

*  See  reference  3,  Superficial  Caries. 

*  See  reference  3,  Deeply  Penetrating  Caries. 

'  See  reference  3,  Extensive  Caries. 
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loethods.  Their  course  can  be  detected  only  by  serial  histological  section* 
Since  this  tract  widens  with  extension  of  the  carious  process,  it  may  or  may 
not  become  possible  to  determine  its  presence  through  the  medium  of  the  roent¬ 
gen  ray.  A  good  example  of  a  carious  tract  in  the  enamel  involving  the  dentin 
is  illustrated  by  Thoma,  (25)  “Fig.  615,  Bite-wing  film  showing  lamella  in 
mandibular  premolar.*’  These  advanced  carious  tracts  should  not  be  confused 
with  uninfected  lamellae  which  cannot  be  determined  by  the  roentgen  ray. 

In  another  type  of  caries  the  invasion  spreads  along  an  irregular  course  in- 
rdving  rods  and  inter-rod  intervals  which  implicate  neighboring  rods  for  some 
distance,  thence  dovni  the  core  to  infect  deeper  levels  of  the  enamel.  We  r^ard 
these  tracts  as  pseudo-lamellae  or  incompletely  mineralised  areas  which  may 
be  associated  with  periods  of  nutritional  deficiencies  during  development. 

It  has  been  demonstrated  (1)  that  the  dentino-enamel  membrane  is  an  ap¬ 
parently  h<»nogeneous  matrix  and  that  mineralisation  begins  as  soon  as  the 
structure  is  established.  The  mineral  density  of  this  layer  rapidly  increases 
up  to  the  time  of  eruption  until  its  denrity  exceeds  that  of  both  the  enamel  and 
dentin.  We  believe  that  this  extreme  density  of  the  dentino-enamel  matrix 
is  in  part  responsible  for  the  retrograde  spread  on  the  enamel  side  before  the 
dentin  becomes  infected.  The  recent  observation  of  Keyes  (26)  on  the  carious 
lesion  in  the  Syrian  hamster  indicates  that  the  spread  along  the  dentino-enamel 
junction  agrees  in  a  general  way  with  our  earlier  observations  in  the  human. 

The  morphol(^cal  and  physiolc^cal  characteristics  of  the  dentino-enamel 
junction  would  preclude  the  possibility  of  surface  acids  being  drawn  down  the 
rod  elements  from  the  tooth  surface  toward  the  pulp. 

A  different  appearance  of  the  pathological  process  b  associated  with  the 
production  of  extensive  caries  of  the  matrix*  (so-called  rampant  caries).  In 
this  type  parts  of  external  surfaces  or  entire  surfaces  become  involved  and  there 
is  a  development  of  multiple  irregular  channels  of  dissemination.  This  process 
has  its  inception  as  a  multiple  surface  lesion,  the  pathological  features  of  which 
are  no  different  from  those  described  under  superficial  caries.  When  the  process 
is  advanced,  histological  examination  reveals  an  almost  complete  solution  of 
the  matrix.  Upon  visual  examination  the  surface  is  chalky  in  appearance  and 
may  readily  flake  imder  the  pressure  of  an  instrument.  In  this  stage  the  process 
leads  to  rapid  and  extensive  superficial  cavitation.  We  regard  this  type 
caries  as  being  established  through  a  lesser  order  of  calcification  which  permits 
a  rapid  penetration  and  destruction  of  the  oi^anic  matrix  by  microorganisms 
and  results  in  an  early  breakdown  of  the  tooth  surface. 

The  term  restricted  caries  is  applied,  for  convenience,  to  designate  a  different 
mode  of  penetration,  although  the  pathological  process  is  exactly  the  same  as 
in  superficial,  deep  and  extensive  caries.  The  surface  enamel  presents  a  brown- 
Btamed  area.  As  observed  in  ground  sections,  the  discoloration  is  found  to 
extend  to  varying  depths  and,  in  some  instances,  involves  the  dentino-enamel 
junction.  The  stained  areas  are  found  chiefly  in  protected  positions  o(  the 

*  See  reference  3,  Extensive  Caries. 
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tooth,  such  as  within  interproximal  areas,  where  they  cannot  be  readily  observed. 
These  stained  surfaces  are  hard  in  the  physical  sense  and  cannot  always  be 
detected  by  present  roentgenographic  diagnostic  methods.  The  le«on  is  idowly 
progressive  and  has  been  frequently  designated  in  the  literature  as  arrested 
caries.  However,  clinical  observations  have  shown  that  when  the  lesion  has 
been  followed  closely,  it  continues  to  increase  in  size  and  depth  and  ultimately 
involves  the  dentin.  In  the  end  it  is  followed  by  a  physical  disintegration  Qi 
the  surface.  Depending  on  the  structural  development  of  the  enamel  and  its 
mineralization  patterns,  the  carious  lesion  may  not  necessarily  extend  to  the 
dentino-enamel  junction  before  a  surface  breakdown  occurs.  This  lesion  was 
recognized  by  W.  D.  Miller  (27).  He  demonstrated  this  condition  in  ground 
sections  and  found  that  the  surface  of  the  enamel  was  hard  and  intact.  The 
appearance  was  attributed  to  a  destruction  of  the  inorganic  interprismatic 
substances  by  acids.  According  to  Miller,  the  presence  of  the  enamel  cuticle^* 
was  responsible  for  the  retardation  of  acid  solution  of  the  inorganic  component, 
thereby  resiilting  in  an  arresting  of  the  carious  process  and  protection  of  the 
tooth.  This  interpretation  is  understandable  w^hen  one  considers  the  hypothecs 
of  J.  Leon  Williams  (28)  and  others,  who,  by  their  early  investigations,  conridered 
the  enamel  to  be  almost  wholly  inorganic  in  nature,  and  therefore  could  undergo 
d^radation  only  through  an  acid  decalcifying  process.  Any  remnants  of 
organic  material  which  might  be  present  in  the  enamel  were  considered  to  be 
of  no  consequence  in  the  carious  process.  Therefore,  acid  must  evolve  from 
some  source,  and  thb  was  accounted  for  by  the  fermentation  of  carbohydrates 
on  the  surface  of  the  tooth. 

Our  studies  of  human  teeth  clearly  demonstrate  that  these  intact,  stained 
areas  are  carious  in  nature  and  slowly  progressive.  Deakins  (29),  investigating 
carious  dentin,  suggests  that  this  brown  stain  is  a  melanin  resulting  from  protein 
degradation.  Gottlieb  (21,  30,  31)  has  emphasized  that  a  yellow  pigmentation 
accompanies  a  proteolytic  carious  process.  He  suggests  that  the  lesion  is  the 
result  of  bacterial  invasion.  However,  since  his  investigations  are  largely  con¬ 
cerned  with  ground  sections,  he  has  never  hbtologically  demonstrated  the  pres¬ 
ence  of  a  complete  and  continuous  matrix  and  its  invasion  by  microorganisms. 

The  actual  pathology  of  restricted  caries  differs  in  no  way  from  that  observed 
in  superficial  and  deeply  penetrating  or  extensive  caries.  The  presence  of  the 
lesion  is  associated  with  the  appearance  of  a  brown  stain  on  the  tooth  surface 
and  its  advance  into  the  deeper  structures  of  the  enamel  is  associated  with  a 
degradation  of  the  protein  matrix  and  the  presence  of  microorganisms. 

It  has  been  previously  pointed  out  that  when  the  breakdown  of  the  organic 
matrix  b  more  advanced  in  restricted  caries,  there  b  a  variation  in  morphological 
types  of  organbms.  The  apparently  spheroidal  forms  are  fewer  in  number 

**  It  ii  presumed  that  Miller  referred  to  the  organic  secondary  cuticle. 
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while  the  filamentous  types  are  observed  to  predominate.  This  relationship 
to  the  central  focus  is  relatively  constant  in  this  lesion.  Thread  forms,  t(^ether 
with  those  which  appear  to  be  spheroidal  in  form,  are  found  in  greater  numbers 
along  the  periphery  of  the  lesion.  The  appearance  of  the  thread  forms  in  the 
central  focus  points  to  the  possibility  that  these  organisms  have  more  than  a 
casual  relationship  to  the  carious  process.  In  the  center  of  the  focus  and  in 
areas  where  necrosis  is  almost  complete,  there  are  relatively  few  organisms. 
This  characteristic  positioning  of  the  bacteria  would  tend  to  indicate  that  they 
are  in  greater  abundance  at  locations  where  the  uninfected  matrix  is  first  being 
attacked.  The  surface  of  the  tooth  is  intact,  and  this  activity  on  the  part  of 
the  various  types  of  organisms  is  confined  within  apparently  hard  enamel.  The 
infection  extends  from  the  surface  and  may  spread  in  all  directions  from  within 
the  enamel,  in  this  way  undermining  the  sound  overlying  tooth  surface. 

It  is  important  to  emphasize  that  if  the  organisms  found  in  the  deep  focus  were 
dependent  on  their  nutrient  being  diffused  in  from  the  tooth  surface,  their  rela¬ 
tionship  to  the  carious  lesion  would  be  inverse  to  their  positions.  It  then  follows 
that  these  organisms  would  tend  to  be  found  in  greater  abundance  in  the  center 
of  the  lesion.  However,  the  organisms  operating  in  the  lerion  are  found  in¬ 
variably  at  the  peripherj'  of  the  active  lesion.  If  this  process  were  one  of  acid 
solution  resulting  from  carbohydrate  degradation  at  the  site  of  the  organisms,  an 
undermining  lesion  of  this  type  could  not  have  occurred.  An  acid  solution  of 
the  inorganic  constituent  of  the  enamel  could  only  appear  as  a  cavity  from  its 
first  inception. 

When  the  lesion  becomes  advanced  in  extent,  it  eventually  undergoes  physical 
breakdown  and  cavitation  results.  In  this  broken  surface  all  types  of  organisms 
are  found  to  occupy  the  open  cavity.  It  has  been  reported  that  a  marked  in¬ 
crease  in  the  Lactobacillus  acidophilus  index  accompanies  cavitation  (32).  Cavi¬ 
tation,  however,  is  the  end  result  of  the  carious  process,  and  the  microorganisms 
operate  for  varying  lengths  of  time  before  a  break  in  the  surface  of  the  tooth 
occurs.  We  agree  that  the  type  of  the  lesion  and  the  rapidity  of  development 
is  in  direct  relation  to  the  maturation  of  the  matrix  and  degree  of  mineralization 
(rf  the  structure. 

SUMMARY 

'The  development  of  the  carious  lesion  in  enamel  of  the  human  has  been  fol¬ 
lowed  from  the  earliest  microscopic  stages  to  the  final  cavitation  of  the  surface. 
Several  distinct  types  of  penetration  by  microorganisms  have  been  described. 
Another  type  of  slowly  progressing  caries  (restricted  caries)  has  been  stucfied. 
The  gross  appearance  of  the  surface  lesion  is  that  of  a  brown-stained  spot  on  the 
intact  enamel  surface  of  a  tooth.  The  following  obser\’ations  were  made. 

1.  In  undecalcified  ground  sections  the  brown  stain  may  extend  to  the  dentino- 
enamel  junction  and  may  involve  the  dentin. 

2.  In  this  type  of  lesion  the  spherical  microorganisms  have  long  rince  pene¬ 
trated  the  surface  and  have  established  a  central  focus  of  infection  within  the 
enamel. 
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3.  A  microscopic  plaque  overlies  the  stained  carious  surface  of  the  tooth. 
The  plaque  consists  of  an  amorphous  background  in  which  filamentous  organisms 
form  a  dense  mat  and  have  a  characteristic  parallel  arrangement  to  one  another. 

4.  In  the  deeper  part  approximating  the  disintegrating  tooth  surface  these 
filamentous  forms  are  seen  to  project  themselves  directly  into  the  surface  leaon 
so  as  to  appear  partly  within  the  degraded  organic  mass. 

6.  These  organisms  apparently  make  their  appearance  following  the  estab¬ 
lishment  of  the  sui)erficial  carious  process.  Morphologically  the  primary  in¬ 
vaders  have  a  spheroidal  appearance. 

6.  The  macroscopic  appearance  of  the  surface  lesion  is  that  of  a  hard,  intact 
enamel  surface.  The  microscopic  observation  is  that  the  area  of  organic  deg¬ 
radation  may  have  had  its  initiation  from  multiple  portals  of  entry  on  the  tooth 
surface. 

7.  With  deeper  penetration  of  the  infection,  a  central  focus  of  infection  is 
established  and  multiple  irregular  channels  spearhead  in  all  directions  beneath 
an  uninvolved  surface  so  that  islands  of  apparently  uninfected  matrix  are  isolated 
by  the  anastomosing  of  these  channels.  These  invading  organisms  are  of  the 
spheroidal  type. 

8.  Concomitantly  with  the  spearheading  tracts,  the  peripheral  matrix  of  the 
central  focus  undergoes  progressive  disintegration,  leaving  a  shell  of  uninvolved 
enamel  on  the  surface  of  the  tooth. 

9.  The  infected  organic  matrix  takes  on  a  more  intense  acidophilic  staining 
reaction  w'hen  compared  with  the  normal  surrounding  matrix.  This  increased 
staining  reaction  is  the  earliest  indication  of  a  pathological  change  in  the  matrix. 

10.  The  increase  in  acceptance  of  the  dye  is  closely  followed  by  a  progressive 
loss  of  structural  detail;  when  the  alteration  is  advanced,  the  matrix  becomes 
almost  homogenous  in  appearance. 

11.  The  spheroidal  appearing  microorganisms  are  found  in  greater  abundance 
at  the  perimeter  of  the  central  focus  where  the  organic  rods  have  begun  to  undergo 
a  definite  degradation  and  solution. 

12.  In  the  center  of  the  focus  where  the  breakdown  of  the  organic  rods  is 
nearing  completion,  relatively  few  organisms  are  to  be  found. 

13.  The  infection,  having  reached  the  dentino-enamel  junction,  then  extends 
laterally  along  this  structure  on  the  enamel  side,  opening  up  the  dentinal  ex¬ 
tremities  of  the  rods  and  inter-rod  intervals  and  thus  establishes  retrograde 
spread. 

14.  The  lateral  spread  of  the  focus  is  at  first  confined  to  the  enamel,  and  (Xily 
when  disintegration  is  advanced  does  the  dentin  become  involved.  This  charac¬ 
teristic  spread  is  due,  in  part,  to  the  nature  and  mineralisation  of  the  dentino- 
enamel  junction. 

15.  The  first  microorganisms  to  invade  the  dentin  are  of  the  same  spheroidal 
type  as  those  seen  in  the  early  invasion  and  spearheading  of  the  enamel  lesion. 

16.  The  spheroidal  forms  first  penetrate  along  the  lateral  walls  of  the  dentinal 
tubule  but  are  found  in  the  center  of  the  tubule  only  after  the  dentinal  fibril 
has  become  affected. 
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17.  The  microorganisms  associated  with  the  carious  lesion  and  the  character 
d  this  lesion  are  essentially  the  same  in  both  the  enamel  and  dentin  structures. 
The  greater  content  of  organic  material  in  the  dentin  accounts  for  the  greater 
rapidity  of  the  breakdown. 

18.  When  the  degradation  of  the  enamel  matrix  in  the  central  focus  is  in  its 
final  stage,  there  is  a  variation  in  the  morphological  types  of  oi^anisms  present. 
The  spheroid  types  no  longer  predominate,  and  threadlike  forms  are  found  in 
greater  numbers. 

19.  The  appearance  of  the  thread  forms  in  the  central  focus  points  to  the 
possibility  that  these  organisms  may  have  more  than  a  casual  relationship  to 
the  carious  process. 

We  believe  that  these  observations  of  the  carious  process  operating  beneath 
apparently  unbroken  and  intact  enamel  surfaces  further  advance  our  original 
hypothesis:  that  dental  caries  is  fundamentally  a  degradation  of  the  organic 
matrix  of  the  enamel  resulting  from  the  eniymatic  action  of  microorganisms, 
rather  than  a  simple  acid  decalcification  and  removal  of  the  inorganic  salts. 
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INVESTIGATIONS  ON  THE  SALIVARY  PHOSPHATES 
AND  PHOSPHATASES! 

H.  EGGER8  LURA 

From  the  laboratory  of  St.  Eluabeih*$  Hospital,  Holbaek,  Denmark. 

INTRODUCTION 

Caries,  periodontosis  and  disturbances  of  ossification,  once  considered  pri¬ 
marily  problems  of  calcium  metabolism,  are  now  recc^nized  as  associated  with 
phosphorus  metabolism  through  the  calcium-phosphorus  balance.  The  results 
of  salivary  phosphorus  analyses,  which  offer  a  key  to  the  phosphorus  metab- 
oUsm,  have  not  been  uniform.  A  critical  review  by  Becks  and  Wainwri^t 
(5)  show  inoiganic  phosphorus  values  reported  between  the  extremes  of  2.5 
and  70  mg.  %  with  normal  values  between  10  and  24  mg.  %.  The  reported 
rang^for  total  phosphorus  lay  between  4  and  22  mg.  %  and  normal  values  were 
given  as  14  to  18  mg.  %.  The  normal  values  for  total  acid-soluble  phosphorus 
were  given  as  10  to  24  mg.  %.  Such  wide  variations  in  normal  values  would 
be  considered  inaccurate  in  other  body  secretions  and  suggest  the  need  for 
critical  review  of  previous  salivary  analyses  and  for  further  study. 

Consideration  of  the  age  and  general  health  of  the  subjects  and  the  time 
and  manner  of  collection  of  the  saliva  specimen  is  important.  The  importance 
of  these  factors  and  of  the  salivary  phosphatases  is  emphasized  in  this  study. 
Since  saliva  contains  phosphatase  substrate  (oi^anic  phosphorus  esters)  and  3 
phosphate  splitting  enzymes  of  comparatively  greater  activity  than  those  of 
milk  and  urine,  the  mechanism  regulating  the  phosphorus  level  must  be  con¬ 
sidered. 

It  is  probable  that  normal  and  pathologic  values  cannot  be  expressed  as 
given  mg.  %  but  rather  in  terms  of  ratios  of  the  different  phosphorus  fractioms. 
It  seems  possible  to  raise  the  inorganic  salivary  phosphorus  level  by  increased 
intake  of  phosphorus-containing  foods  but  impossible  to  raise  the  organic 
salivary  (or  blood)  phosphorus  level  by  any  voluntary  procedure.  The  syn¬ 
thesis  of  organic  phosphates  of  the  blood  and  saliva  is  an  important  unsolved 
problem  (9). 

REVIEW  or  LITERATURE 

Very  few  of  the  reported  salivary  phosphorus  analyses  are  of  value  for  com¬ 
parative  or  statistical  study.  Most  report  inorganic  phosphorus  and  calcium 
with  an  occasional  author  giving  organic  phosphorus  values. 

Youngburg  (28)  and  Mathis  (18)  found  total  salivary  organic  phosphorus  to 
represent  4  to  5%  of  the  total  salivary  phosphorus  while  Axmacher  (2)  found 
13%  and  Price  (20)  50%  organic  phosphorus.  For  the  organic  acid-sohible 
phosphorus  fraction  Youngburg  (28)  reported  0%,  Mathis  (18)  4.5%,  Smith 
(23)  9%,  Adamson  (1)  17%  and  Weber  (27)  59%.  This  portion  probably 
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includes  the  hexosemonophosphates,  diphosphoglyceric  acid,  creatinephosphate 
and  adenylepyrophosphate.  Organic  acid-insoluble  phosphorus,  which  in¬ 
cludes  salivary  phosphorus  from  mucin,  from  nucleoprotein  of  the  epithelial 
cells  and  the  phospholipoides,  was  estimated  at  0%  by  Mathis  (18)  and  at  14% 
of  the  total  acid  soluble  phosphorus  by  Entin  and  Geikin  (12). 

There  may  be  many  reasons  for  these  wide  variations  including  the  use  or 
disuse  of  the  centrifuge,  defective  technic  and  variation  in  the  phosphorus 
content  of  the  epithelial  cells.  It  may  also  be  suggested  that  variations  of  the 
organic  phosphorus  values  of  the  saliva  actually  are  greater  than  those  for 
inoi^anic  phosphorus  influenced  by  unevaluated  factors  such  as  cellular  oxi¬ 
dation. 

Literature  on  salivary  phosphatases  is  scanty.  Demuth  (6),  who  used  hex- 
oeediphosphate  as  his  substrate,  appears  to  have  been  the  first  to  describe  a 
salivary  phosphatase.  Adamson  (1)  and  Smith  (23)  examined  oral  phoe- 
p>hata8es  in  relation  to  salivary  calculus  formation.  They  concluded  that  the 
enzyme  which  can  be  liberated  from  traumatized  gingival  tissue  is  capable  ci 
o(  hydrolyzing  the  organic  phosphoric  esters  of  the  blood  and  saliva.  Adamscm 
gave  pH  9  and  Smith  gave  pH  5.5  as  optimum  for  salivary  phosphatase.  Giri 
(13)  identified  salivary  phosphatase  with  urine  phosphatase.  Clock,  Murray 
and  Pincus  (14)  called  attention  to  the  microorganisms  of  saliva  as  |)oesible 
sources  of  salivary  phosphatase.  Zander  (29)  and  Valloton  (25)  have  demon¬ 
strated  the  presence  ctf  phosphatase  in  the  sub-gingival  tissues  where  it  may  be 
liberated  by  inflammatory  reaction.  Lura  (8)  examined  the  effect  of  storage 
and  pointed  out  the  synthesizing  effect  of  salivary  phosphatase. 

EXPERIMENTAL  , 

Materials  and  Technigtte 

Previous  investigators  rarely  paid  attention  to  the  origin  of  the  saliva  or  to 
the  other  facts  which  may  have  particular  interest.  Most  frequently  the 
author’s  own  saliva  or  that  of  his  assistants  was  used  for  the  anal3rses,  and  it 
was  seldom  indicated  whether  the  saliva  originated  from  old  or  young  individ¬ 
uals,  fitHn  caries-free  or  caries  susceptible  individuals,  nor  was  the  exact  time 
for  collecting  saliva  indicated.  In  the  following  expieriments,  an  effort  was 
made  to  avoid  these  oversights  by  using  saliva  from  healthy  children  and  adults 
(ages  5  to  25  years),  who  had  been  observed  through  very  long  pieriods.  Most 
of  these  patients  were  from  the  author’s  own  practice.  Some  were  children 
from  the  state  reformatory,  where  the  frequency  of  caries  is  very  low  and  where 
the  children  are  living  under  a  very  healthy  and  regular  dietary  condition. 

Before  the  spiecial  exp)eriments  were  carried  out  some  qualitative  salivary 
analyses  of  all  the  caries-free  children  were  pierformed.  These  included:  1) 
The  flow  and  quantity  of  saliva,  2)  pH  buffer  quality  of  saliva,  3)  viscosity,  4) 
sugar  analysis,  5)  lactic  acid  analyses,  6)  ammonia  analyses,  7)  bacterial  analy¬ 
sis  by  growth  on  piepton  agar  of  pH  7.2  and  on  tomato  agar  pH  5.5  (11).  If 
the  salivary  samples  showed  great  deviations,  espiecially  in  the  pH  values, 
viscosity,  or  lactic  acid  content,  or  more  particularly  in  the  bacterial  content. 
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the  samples  were  rejected  so  that  the  rest  of  the  experimental  material  furnished 
as  uniform  conditions  as  possible.  The  author  never  used  stimulated  saliva 
but  only  resting  saliva  obtained  at  least  2  hours  after  the  last  previous  meal. 
In  many  instances,  morning  or  fasting  saliva  obtained  before  the  first  meal 
was  used,  or  in  other  cases,  the  saliva  w'as  collected  before  lunch  at  10  o’clock. 
The  quantity  obtained  generally  amounted  to  5  to  8  ccm.  collected  over  10  to 
15  minute  period.  Unless  otherwise  noted  unfiltered  and  uncentrifuged  saliva 
was  used  for  all  the  described  experiments. 

Some  authors,  including  Becks  (3)  have  recommended  centrifuging  because 
this  is  required  for  the  calcium  analyses.  However,  when  the  pho^horus 
analyses  are  to  be  studied,  the  centrifuge  only  offers  slight  advantage.  The 
contaminations  which  can  be  removed  by  the  centrifuge  are  rather  insignificant, 
provided  pure,  clean  and  normal  salivary  types  are  selected.  By  centrifuging 
we  risk  the  loss  of  a  great  part  of  the  oi^anic  phosphorus  fractions  which  play  a 
leading  role  in  the  present  woric.  The  main  purpose  of  the  analyses  is  to  get 
as  complete  a  picture  as  possible  of  the  most  important  components  and  enzy¬ 
matic  qualities  of  the  saliva,  and  any  filtering,  centrifuging  or  removing  of  the 
albumens  would  only  eliminate  the  most  characteristic  compoimds  or  disturb 
the  enzyme  relationships.  When  the  removal  of  these  components  was  essen¬ 
tial  as  in  investigating  the  origin  of  certain  enzymes  or  the  effect  of  purified 
saliva,  a  glass  filter  Shott  3  G  on  5  with  a  vacuim  pump  was  used.  The  effect 
d  bacteria  was  eliminated  by  adding  some  drops  of  toluene  (1%)  or  chlonffonn 
to  the  saliva. 

Salivary  samples  were  taken  from  persons  of  both  sexes.  As  no  difference 
in  the  enz3rme  content  or  in  the  phosphate  values  could  be  demonstrated  be¬ 
tween  the  sexes,  they  were  not  separately  classified  in  the  tabulations. 

For  the  determination  of  the  total  phosphorus  content  the  so-called  ‘wet’  or 
‘dry’  standard  ashing-procedure  of  the  whole  untreated  saliva  can  be  used. 
The  total  acid-soluble  phosphorus  requires  a  previous  removal  of  the  albiunens 
by  trichloracetic  acid.  The  ‘wet’  washing  procedure  is  the  most  convenient 
and  was  carried  out  in  all  the  following  experiments. 

Technique  for  the  ‘toeV  ashing  procedure.  The  reagents  are:  a)  Sulphuric 
acid  solution  (30  ccm.  concentrated  sulphuric  acid  diluted  with  water  to  100 
ccm.),  b)  Merk’s  perhydrol  (peroxyde  of  hydrogen  35%),  C)  Acid-free  molyb¬ 
date  reagent  (5%  ammonium-molybdate). 

To  1  ccm.  of  saliva  pipetted  into  a  micro-kjeldahl  flask,  1  ccm.  of  sulphuric 
acid  solution  is  added.  This  is  heated  over  the  Kjeldahl-bumer  with  little 
flame  imtil  sulphuric  vapours  are  liberated.  The  black,  carbonated  liquid  is 
then  cooled.  A  drop  of  perhydrol  is  added,  and  the  flask  is  heated  again  until 
the  liquid  remains  clear  and  new  sulphuric  vapours  appear.  After  cooling,  2 
ccm.  of  acid-free  molybdate  reagent,  1  ccm.  of  sodium  sulphite  25%  and  1  ccm. 
hydroquinone  solution  (0.5%)  are  added  and  diluted  to  10  ccm.  with  water. 

After  60  minutes,  colorimetry  of  Hellige-Universal-Colorimeter  is  performed 
by  comparison  with  the  standard  solution  treated  exactly  as  in  the  test  (0.3296 
grs.  of  KHtP04  diluted  in  250  ccm.  of  water.  1  ccm.  0.3  mg.P.). 


206 


H.  BQOER8  LURA. 


The  calculation  of  the  inorganic  phosphorus  is  done  by  means  of  an  adjusting 
curve  constructed  on  the  bads  of  some  known  standard  solution. 

Determiriatum  of  inorganic  phoaphoms.  One  ccm.  of  the  material  is  diluted 
with  water  to  5  ccm.,  1  ccm.  of  trichloracetic  acid  (20%)  is  added  and  the  liquid 
is  filtered.  To  5  ccm.  of  filtrate  is  added:  1)  2  ccm.  of  acid-containing 
molybdate  reagent  (10  gr.  pure  ammonium-molybdate  are  diluted  to  100  ccm. 
hot  aqua  dist.  This  solution  is  slowly  added  to  a  cooled  mixture  of  30  ccm. 
concentrated  sulphuric  acid  in  50  ccm.  of  aqua  dist).  2)  1  ccm.  of  20%  sodium 
sulphite.  3)  1  ccm.  hydroquinone  (0.5%)  -f-  1  ccm.  of  water.  After  60 
minutes  comparison  in  the  colorimeter  is  made  against  a  standard  treated  in 
the  same  manner. 

Calculation 

Five  ccm.  of  the  deproteinated  filtrate  corresponding  to  25/6  before  adding 
trichloracetic  acid  from  which  the  content  of  the  original  material  is  calculated 
(multiplication  by  1.2).  It  is  important  that  the  constant  reading  of  the 
colorimeter  always  takes  place  exactly  60  minutes  after  the  adding  of  the  re¬ 
agents,  because  further  delay  would  change  the  color  values. 

Caleulaiion  of  organic  fractions.  Total  organic  P  =  Total  P-H  inorganic  P, 
organic  non-acid  soluble  P  =  Total  P  -H  total  acid  soluble  P,  organic  acid 
soluble  P  =  Total  acid  soluble  P  -j-  inorganic  P.  Statistical.  The  biometric 
valuation  of  the  material  included  the  following  valueij:  a)  the  arithmetic 
mean  (M),  b)  the  standard  deviation,  (6),  c)  the  standard  of  the  mean  (<rn) 
(26).  The  error  of  the  above  mentioned  procedure  does  not  exceed  ±  2% 
within  the  range  of  amounts  of  inoi^anic  phosphorus,  which  can  be  considered 
in  this  work,  that  is,  from  0.007  to  0.035  mg.  P. 

DATA 

The  Phosphates  of  Saliva 

A.  Ranges  and  average  values  of  total  phosphorus  content  of  saliva.  In  order 
to  show  possible  diurnal  shifts  in  the  total  phosphorus  content  of  saliva,  scnne 
experiments  were  performed  in  which  salivary  tests  from  the  same  persons 
were  taken  at  different  hours,  usually  in  the  morning  before  the  first  meal 
(8  o’clock)  and  afternoon  (2  hours  after  dinner)  (Tables  I  and  II). 

The  observed  diurnal  variations  of  the  total  phosphorus  content  of  saliva 
can  be  explained  by:  1)  diurnal  variations  of  the  content  of  bacteria  and  epi¬ 
thelial  cells,  2)  influence  of  food  intake.  To  demonstrate  the  possible  varia¬ 
tions  caused  by  the  bacteria,  leucoc3rtes  and  epithelial  cells  of  saliva,  some 
analyses  were  performed  with  sterile  saliva  (boiled  and  filtered)  against  the 
non-sterile  (Table  III).  As  the  boiled  and  filtered  saliva  also  shows  diurnal 
variations,  it  is  obvious  that  these  cannot  exclusively  be  due  to  the  bacteria 
and  contaminations,  but  the  variations  must  be  influenced  by  diet,  adsorption 
of  phosphorus  and  other  internal  causes. 

B.  Ranges  and  average  values  of  inorganic  phosphorus  content  of  saliva.  (Ta¬ 
bles  IV,  V  and  VB). 
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C.  Ranges  and  average  values  of  total  organic  phosphorus  of  saliva.  (Table 
VI).  Greatest  individual  variations  are  dominant  in  this  fraction.  Compared 
with  the  results  of  previous  investigators  the  present  values  seem  to  be  much 

'  TABLE  I 


Random  values  from  ItO  analyses  on  ISO  persons  of  both  sexes.  Age  B-t5  years.  AU 
caries-free.  Resting  saliva  collected  bettreen  8  and  10  A  .M. 


CAnwo. 

AOK 

TOTAL  P.,  MO% 

CASS  NO. 

ACE 

TOTAL  P.,Me% 

6 

8  years 

17.2 

118 

16 

18.1 

64 

14  years 

19.4 

75 

17 

32.4 

8 

8  years 

21.7 

107 

25 

22.2 

28 

12  years 

16.4 

81 

11 

14.8 

10 

10  years 

19.8 

60 

12 

23.4 

77 

24  years 

28.9 

98 

18 

26.3 

13 

10  years 

22.2 

44 

6 

15.5 

9 

18  years 

23.8 

28 

12 

16.8 

16 

7  years 

16.4 

75 

16 

21.4 

31 

19  years 

17.4 

92 

12 

19.2 

Mean  (M)  -  20.4 
Standard  deviation  (v)  ~  4.2 
Error  of  the  mean  (au  )  —  0.38 


TABLE  II 

Random  values  of  85  analyses 


CASE  NO. 

TOTAL  P,  MO.  % 

MOININO  VALUE 

ATTEENOON  VALUE 

6 

18.5 

17.3 

19 

21.1 

20.2 

4 

22.5 

22.9 

21 

19.8 

17.9 

3 

16.7 

17.4 

TABLE  III 

Phosphorus  content  of  sterilised  and  unsterilised  salivas  {Average  of  SO  different  individuals) 

I  TOTAL  P,  MO.  % 


MOBNINO 

Ordinary,  unsterile  saliva . 

20.2 

Boiled  snd  6ltered  saliva . 

17.6 

higher  (20  to  25%  of  the  total  phosphorus).  Seasonable  variations  are  to  be 
observed  in  this  fraction. 

D.  Ranges  and  average  values  of  organic  acid-soluble  phosphorus  of  scdiva. 
To  2.5  ccm.  of  saliva  0.5  ccm.  trichloracetic  acid  (20%)  was  added.  After  15 
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minutes  of  filtering,  1  com.  was  used  for  analysis  as  described  under  the  *wet* 
ashing  procedure.  Correction  for  the  trichloracetic  acid  is  necessary  (multi* 
plication  by  1.2).  This  fraction  shows  especially  great  individual  variations. 
Some  studies  were  carried  out  with  saliva  from  individuals  who  had  been  ex* 

TABLE  IV 


Random  valuoi  from  190  analyte*  on  180  pertont  of  both  text*.  Age  S-t5  year* 
all  eariet-free.  Retting  taliva,  eollecied  from  8  to  10  AM. 


CAM*  HO. 

AOB 

r.ua% 

CASE  HO. 

AOB 

6 

12 

14.1 

89 

20 

16.8 

8 

8 

16.6 

16 

7 

15.8 

61 

21 

7.4 

141 

15 

8.9 

28 

12 

13.8 

10 

10 

17.1 

9 

18 

21.1 

113 

11 

8.4 

121 

7 

9.8 

110 

17 

14.9 

95 

9 

12.3 

8 

6 

16.8 

84 

15 

18.4 

150 

22 

15.0 

13 

16 

11.8 

162 

18 

13.4 

75 

15 

17.3 

50 

25 

11.2 

Mean  (M)  -  14.9 
Standard  deviation  (#)  ■  3.4 
Error  of  the  mean  (vm)  ■■  0.25 


TABLE  V 


Diurnal  variation*  of  inorganic  photphoru*  of  taliva.  {Random  value*  of  85  cat**) 


CAIEHO. 

tHOlO.  P,  Ma% 

Motmiio 

rVEHIHO 

8 

17.8 

16.2 

12 

14.4 

13.1 

7 

13.6 

14.8 

22 

8.9 

9.2 

14 

15.9 

15.8 

TABLE  VB 


Diurnal  variation*  of  tterile  and  untterile  taliva.  {Average  value*  of  85  eatet) 


IHOBO.  P,  HO.  % 

MOftMUIO 

SVBHIHO 

Unaterile  ealiva . 

15.1 

14.3 

14.2 

13.6 

Boiled,  filtered  saliva . 

posed  to  great  physical  fatigue,  and  the  values  were  generally  diminished  undor 
these  circumstances.  (Table  VII) 

E.  Range*  and  average  values  of  organic  acid-insoluble  phosphorus.  The  in¬ 
vestigations  included  the  same  subjects  used  in  other  portions  of  this  study 
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but  only  12  experiments  gave  positive  values.  In  the  rest  of  the  material  the 
values  were  so  insignificant  that  they  did  not  surpass  the  standard  error. 

Irwesligations  on  the  acid-hydrolyzable  phosphorus  of  saliva.  To  5  ccm.  of 
trichloracetic  filtrate  of  saliva  1  ccm.  of  the  same  sulphuric  acid  solution 

TABLE  VI 


Total  organic  photphoruc  of  aalioa.  (Random  valves  of  SO  eases) 


MO. 

TXAMt 

TOTAL  P,  MO.  % 

IMOBO.  P,  MO.  % 

TOTAL  OBOAMte 

%  OB  TOTAL 

4 

8 

■H 

16.1 

2.8 

14.7 

7 

12 

12.9 

0.9 

6.4 

10 

10 

17.1 

2.7 

13.6 

25 

41 

22.6 

15.5 

7.1 

81.4 

0 

16 

23.8 

21.1 

2.7 

11.3 

33 

26 

25.8 

11.2 

14.6 

56.6 

42 

35 

18.9 

13.2 

30.1 

17 

10 

22.5 

19.3 

14.2 

8 

6 

21.7 

16.6 

23.0 

28 

12 

16.4 

13.8 

16.1 

19 

17 

20.7 

6.3 

13 

10 

11.8 

10.4 

46.8 

14.9 

(M)  -  5.5 
(»)  -  3.9 

20-25% 

Standard  deviation  . . . . 

Error  of  the  mean . 

(an)  -  0.55 

TABLE  VII 


Organic  acid-soluble  phosphorus  of  saliva.  (Extremes  of  SO  eases.) 


CATBMO. 

AGB 

A 

TOTAL  AaO-BOL. 

P  MO.% 

B 

mOBO.  P  MO.% 

A-B 

TOTAL  ACIO-IOL. 

OBO.  P  MO.% 

BBBCBNTOB 

total 

35 

14.9 

11.2 

3.7 

18 

8 

20.2 

16.6 

3.6 

16.5 

19 

22.0 

13.8 

8.3 

87.6 

15 

16 

27.3 

17.1 

10.2 

40.0 

18 

8 

20.4 

16.6 

3.8 

13.6 

42 

35 

18.3 

13.2 

5.1 

28.5 

7 

12 

13.5 

12.9 

0.6 

4.4 

5 

12 

16.6 

14.1 

2.5 

15.0 

Mean . 

Standard  deviation  . . . . 
Error  of  mean . 

19.8 

14.9 

M  •  4.9 
»  -  3.1 
«M  0.56 

18-24% 

which  was  used  for  the  determination  of  total  P  was  added.  One  sample  was 
heated  10  minutes  and  another  CO  minutes  by  boiling  on  the  waterbath.  After 
cooling,  analysis  for  inorganic  P.  as  described  above  was  carried  out  correcting 
for  the  acid  addition  as  indicated  in  the  calculation.  Another  sample  was  not 
heated  and  the  difference  between  the  sample  heated  for  10  minutes  and  that 


210 


H.  EOOEB8  LX7BA. 


not  heated  ^ves  the  quantity  of  the  easily  acid-hydrolyzable  phosphate  (Table 
DC).  The  60  minute  value  is  used  to  express  the  splitting  of  the  not  easily 
hydrolyzable  compound  (Table  X).  The  saliva  which  does  not  show  any  in- 

TABLE  Vni 


Organic  acid  insoluble  phosphorus.  {Extreme  values  of  It  individuals.) 


CAM  MO. 

AOB 

TOTAL  P,  110% 

TOTAL  Aan-WL. 

P.uef% 

OBOAir.  ACIO  mOL. 

F.ao.% 

RKBMTOe 

total 

85 

16  yra. 

15.8 

14.9 

0.9 

4.2  ' 

9 

18  yn. 

23.8 

23.6 

0.2 

0.8 

42 

85  yra. 

18.0 

18.3 

0.6 

8.1 

8 

8  yra. 

21.7 

20.2 

1.5 

6.1 

10 

17  yra. 

22.1 

22.0 

0.1 

0.4 

4 

8  yra. 

18.0 

17.0 

1.0 

6.3 

Mean . 

20.4 

19.8 

M  -  0.6 

ea.8% 

TABLE  IX 

Acid-hydrolysis  of  trichloracetic  acid  filtrate  of  fresh 
morning  saliva.  (10  minute  boiling). 


CAMS 

IIIOIOAM.  P  BBIOU 
BYDBOL. 

110% 

IMOBO.  P  ATTBB  KTOBOL. 

Ka% 

OKBBAa 

tM% 

1 

17.6 

21.2 

8.7 

2 

10.3 

14.6 

4.3 

3 

9.7 

12.0 

2.8 

4 

16.8 

18.2 

1.4 

5 

15.1 

17.7 

2.6 

6 

18.4 

19.4 

1.0 

7 

14.2 

16.9 

2.7 

8 

10.8 

13.9 

3.1 

TABLE  X 

Acid-hydrolysis  of  trichloracetic  acid  filtrate  of  saliva.  (80  minute  boiling). 


CAIB 

WOBO.  P  BBBOBB 
■VDBOL. 

110% 

IMOBO.  P  ARSB 
BVBBOL. 

uv% 

IMCBBASB 

110% 

1 

17.5 

23.6 

6.1 

2 

10.3 

16.0 

5.7 

3 

9.7 

16.3 

6.6 

4 

16.8 

21.6 

4.8 

5 

15.1 

10.3 

4.2 

6 

18.4 

24.2 

6.8 

7 

14.2 

21.3 

7.1 

8 

10.8 

14.3 

3.9 

crease  by  the  short  boiling  with  acid,  very  often  shows  an  increase  by  the  long 
boiling,  BO  that  it  can  be  concluded  that  at  least  2  well  separated  fractions  are 
present. 
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DetermincUion  of  the  nature  of  the  organic  phosphorus  in  saliva. 

The  presence  of  complex,  not  eaaly  hydrolyzed  phosphates  in  the  .saliva,  is 
demonstrated  by  the  long  hydrol3rsis  with  diluted  acids  and  -by  determination 
of  the  reducing  power  before  and  after  the  hydrol3rsis  by  Hagedom-Jensen’a 
method  for  the  estimation  of  blood  sugars.  While  boiling  is  increasing  free 
phosphate,  reducing  hexose-sugars  are  being  disengaged  from  the  compound 
(Table  XI).  Different  possibilities  may  produce  this  increase  of  sugar.  These 
include:  1)  Augmentation  of  sugar  from  starch-containing  pt3ralm-splittmg 


TABLE  XI 

1  can.  ealiva  hydrolyzed  SO  min.  vnth  O.t  n — 


■c«uaita% 

raOVBATi  110% 

R«fnrf)  boiling . 

12 

18.1 

After  boiling . 

30 

17.0 

TnemMe . 

28 

1.8 

TABLE  XII 

1  eem.  protein  free  filtrate  of  saliva  hydrolyzed  SO  mtn. 


suoAai(o% 

raottiAXB  110% 

Rofnro  boiling . 

5 

16.4 

After  boiling . 

18 

18.7 

IneresM . 

13 

2.3 

TABLE  XIII 

t  eem.  fresh  saliva  and  1  eem.  boiled  saliva  (S  min.) 
Inetibated  t4  hours  by  S7.  Toluene  added 


■iraAKiio.% 

nooBAts  ite.% 

(a)  Saliva  before  incubation . 

4.5 

15.1 

Boiled  saliva  before  incubation . 

5.1 

15.4 

(b)  Saliva  after  incubation . 

26.0 

18.4 

Boiled  saliva  after  inmihetion . 

5.4 

15.4 

Increase . 

21.5 

3.3 

food  imnants.  For  this  reason  it  is  necessary  to  wait  some  hours  after  the 
last  meal  and  after  the  mouth  has  been  cleaned  before  collecting  the  salivary 
sample.  As  the  activity  of  ptyalin  is  very  prompt,  sugar  from  this  source  can 
easily  be  observed  by  a  control  test  before  the  hydrolysis.  2)  A  possible 
hydrolysis  of  the  glucoprotein  mucin.  By  control  with  protein-free  filtrate 
this  possibility  is  excluded  (Table  XII),  3)  Enzymatic  hydrolysis  of  the 
hexose-phosphate  caused  by  the  salivary  phosphatases.  By  incubation  of 
freshly  boiled  saliva  this  possibility  can  be  controlled  (Table  XIII).  Also  in 
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this  case  an  increase  of  the  reducing  power  is  found  in  the  enzyme-contaibing 
saliva,  while  the  inactivated  saliva  only  shows  a  very  insignificant .  increase. 
In  all  these  experiments  Ilagedom-Jensen’s  estimation  of  blood  sugars  was 
used  on  quantities  of  saliva  from  0.1  to  0.2  ccm. 

Investigations  on  the  salivary  phosphatases 

Methods.  In  the  following  experiments  the  estimation  of  phosphatase  was 
performed  by  two  different  methods: 

Substrate-mixture 

1)  Glycine  or  borate-buffer  1  tt  q  ^  320  ccm. 

2)  n/10  NaOH  /  ^  180  ccm. 

*  3)  1%  Disodiumbetaglycerophosphate  500  ccm. 

4)  2%  Mg-sulphate  10  ccm. 

A.  Briggs  modification  of  Bell-Doisy’s  procedure  was  used.  When  a  sub¬ 
strate-mixture  with  a  lower  pH,  that  is,  5.5,  is  required,  an  acetate-buffer 
is  used  instead  of  the  glycine-sodium  hydroxyed  buffer. 

The  reagents  for  determination  of  inorganic  P.  are  the  same  as  described  above. 

Technique.  The  test-tubes  are  filled  with  4  ccm.  substrate  mixture  plus  1 
ccm.  fresh  saliva.  One  tube  is  taken  out  immediately  for  determination  d 
inorganic  phosphate.  The  calculation  is  done  by  means  of  an  adjusting-curve 
constructed  on  the  basis  of  some  known  standard  solution.  The  other  test 
tubes  are  placed  in  the  thermostat  at  37°  C.  and  determinations  for  inorganic 
phosphorus  are  performed  at  inten^als.  In  some  of  the  tubes  boiled  saliva  is 
used  as  a  control.  It  is  important  that  the  phosphorus  content  in  the  standard 
solution  and  the  test  solution  be  as  near  each  other  as  possible,  and  that  the 
difference  does  not  exceed  50%.  Furthermore,  it  is  necessary  that  the  hydroly¬ 
sis  of  the  substrate  does  not  exceed  10%. 

The  ideal  phosphatase  reaction  w'ould  be  that  in  which  at  equal  time  intervals 
equal  quantities  of  inorganic  phosphorus  were  split  off,  but  in  reality  the  re¬ 
action  curve  is  not  a  straight  one  but  one  which  falls  slightly  because  of  the 
destruction  of  the  enzyme  by  the  alkaline  reaction  and  because  of  the  hydroly¬ 
sis  is  checked  by  the  increasing  amoimt  of  inorganic  phosphorus.  For  this 
reason  the  determination  of  initial  hydrolysis  will  always  be  the  best  indicator 
of  the  amount  of  phosphatase,  provided  that  the  activity  of  the  enzyme  is  not 
too  weak. 

It  has  been  shown  by  several  investigators  (cited  by  Stein  [24])  that  the 
optimal  concentration  is  0.5%  to  1%  for  the  alkaline  phosphatase  and  a  litde 
higher  (1%  to  2%)  for  the  acid.  Twenty  hours  incubation  generally  is  used 
for  the  reaction  time  in  dairy  control  work  and  the  same  reaction  time  was 
used  in  a  previous  w'ork  by  the  present  writer.  In  the  present  study  an  effort 
was  made  to  examine  this  matter  more  carefully. 

Determination  of  the  length  of  the  reaction  time  of  the  salivary  phosphatases. 
Technique.  One  ccm.  of  enzyme  solution  in  different  active  percentages  is 
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added  to  4  ccm.  sodium-glycerophosphate  (0.5%).  One  portion  of  the  enzyme- 
mixture  is  inactivated  by  boiling  for  3  min.  The  following  mixtures  are  made: 

Pure  active  saliva  —  100%  enzyme 
4  portion  active  +  1  portion  inactivated  ■■  80%  enzyme 
1  portion  active  +  1  portion  inactivated  »  50%  enzyme 
1  portion  active  +  4  portion  inactivated  20%  enzyme 
Inactivated  saliva  ■■  0%  enzyme 
4  ccm  water  +  1  ccm  saliva  ~  enzyme  control 
4  ccm  substrate  +  1  ccm  water  »  substrate  control 

4  ccm  of  0.5%  sodium-glycerophosphate  correspond  to  2.88  mg  P  from  which  the  per¬ 
centage  of  the  hydrolysis  is  calculated. 

The  results  at  various  reaction  times  is  shown  in  Tables  XIV  and  XV.  In 
the  following  experiments  a  reaction  time  of  3  hours  was  chosen.  Some  authors 
consider  a  phosphatase  unit  as  the  amount  of  enzyme  which  is  required  for 
getting  free  1  mg.  of  inorganic  phosphorous  during  1  hour,  but  this  circumscrip- 

TABLE  XIV 


Effut  of  time  of  incvhation  on  phoephorue  component*  at  pH  9J  and  Temperature  of 

57  degree*  C. 


nimiB 

P,  MO. 

Ohouss 

3  HOOKS 

Shocks 

9BOUSS 

M HOOKS 

100  % 

0.147 

0.192  (-1-0.045) 

0.212  (-1-0.065) 

0.228  (-1-0.081) 

80% 

0.147 

0.168  (-1-0.021) 

0.183  (-1-0.036) 

0.205  (-1-0.058) 

0.213  (-fO.066) 

60% 

0.147 

0.160  (-1-0.014) 

0.171  (-1-0.025) 

0.183  (-1-0.037) 

0.188  (-1-0.042) 

20% 

0.147 

0.149  (-f0.004) 

0.151  (-1-0.006) 

0.154  (-1-0.009) 

0.155  (-1-0.010) 

0% 

0.147 

0.147 

0.147 

0.147 

0.147 

sal.  cont. 

0.145  (-1-0.005) 

0.147  (-1-0.007) 

0.149  (-1-0.009) 

sub.  cont 

B 

0.007 

0.007 

0.007 

tion  has  not  ptirpose  in  the  present  work,  where  it  is  more  important  to  compare 
the  different  values  of  phosphatase  calculated  from  1  ccm.  of  saliva. 

In  the  following  experiments  the  phosphatase  activity  is  considered  as  the 
amount  of  inorganic  phosphorus  in  mg.  %  which  is  set  free  from  1  ccm.  of  saliva 
during  3  hours  with  sodium-glycerophosphate  as  a  substrate. 

B.  In  the  second  method  di-sodium-phenylphosphate  is  used  as  substrate 
and  the  amount  of  free  phenol  is  used  as  a  measure  of  activity  of  the  enzyme 
(21).  The  phenol  reagent  is  2.6  dibromkinonchlorimid  with  a  solution  of 
alkaline  lead-acetate  (for  deproteination)  at  pH  9.2*  (Table  XVI).  As  standard 
color,  100  mg.  crystalline  phenol  is  diluted  in  1  liter  of  distilled  water.  From 
this  standard  solution  the  following  quantities  are  pipetted  into  100  ccm.  of 
distilled  water:  0.5  ccm.,  1  ccm.,  2  ccm.,  4  ccm.  To  5  ccm.  of  each  solution  2 
drops  of  phenol-reagent  are  added,  representing  respectively  2.5,  5,  7.5  and  10 

*The  reagents  can  be  obtained  in  tablets  ready  for  use  (Manufacturers  "Ewos**  Soder- 
talje,  Sweden),  as  they  are  employed  in  the  dairy  industry  for  milk  control. 


TABLE  XV 

Typical  progretc  of  the  ealivary  photphatate  reaction.  With  indication  of  the  hydrolytic 
in  my.  P  at  different  houre.  The  etraight  line  in  the  curve  indicate*  the 
hydrolyti*  of  equal  P  mg.  per  time-unit* 


mg  P. 

HYDROLYZED 


Percentage  of  theoretical  bydrolyaie. 
a  -  0.8%,  b  -  1.6%,  c  -  2.3%,  d  -  3% 

(4  ccm  substrate  •  2.88  mg  P.) 

TABLE  XVI 

Sample*  of  individual  variation*  in  the  activity  of  the  ealivary  phoephattue* 


Morning  saliva.  Incubation  3  hours  at  37* 


EXnUIK  VALOU 

U 

pH  54 

liO% 

pH  9.4 

110% 

iBAuauvm 

C«MM. 

4 

3.1 

2.0 

15.0 

2 

1.6 

1.2 

10.0 

10 

0.8 

2.9 

17.5 

15 

2.0 

1.7 

12.5 

10 

7.1 

3.6 

25.0 

8 

2.9 

0.6 

5.0 

22 

4.5 

2.5 

17.5 

21 

2.7 

1.5 

12.5 

30 

3.4 

2.8 

20.0 

14 

4.4 

3.1 

22.5 

6 

3.5 

2.4 

17.5 

31 

5.4 

2.7 

20.0 

g 

4.0 

2.1 

15.0 

12 

1.6 

0.8 

10.0 

18 

6.0 

3.1 

22.5 

Average  of  135  cases  *  4.3 

Standard  deviation  v  —  1.62 

Error  of  the  mean  ou  ■■  0.27 

2.4 

1.55 

0.26 

15-17.5 
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units.*  The  above  mentioned  splittings  generally  correspond  to  0.5  to  1.5% 
of  the  theoretical  hydrolysis  by  3  hours  incubation. 

Itaestigationa  on  ihe  range  of  quantity  and  origin  of  the  salivary  phosphataseM 

No  indication  of  the  range  of  the  quantity  of  the  salivary  phosphatases  in 
relation  to  other  phosphatases  of  the  body  is  given  in  the  literature.  Those 
authors  who  attempted  to  find  the  quantitative  distribution  of  the  phosphatases 
in  the  different  tissues  and  liquids  of  the  body,  clearly  point  out  the  difficulties 
of  this  problem  (15,  17). 

The  extraction  and  cleaning  of  phosphatases  is  not  accomplished  easily, 
whether  they  be  from  bone,  liver,  kidney,  intestine,  blood  or  saliva,  because 
the  enzyme  is  not  equally  distributed  in  the  different  cellular  tissues. 

Technique.  The  material  was  collected  in  fresh  condition,  for  instance 
pieces  of  bone  from  the  alveolar  process,  gingival  tissue  fnxn  small  surreal 
(q)eration8,  and  teeth  from  extractions,  and  washed  in  distilled  water  and 
weighed.  Afterwards  the  tissues  were  crushed  with  sterile  tongs  and  an  ex¬ 
traction  solution  composed  of  1  part  chloroform  and  3  parts  buffer  solution 
was  added  in  a  quantity  double  the  weight  of  the  material.  It  was  left  24  to 
48  hours  at  room  temperature.  The  extract  was  then  centrifuged  and  pipetted 
off  for  estimation  of  the  activity.  Liquids  such  as  milk,  saliva  and  blood 
serum  were  used  undiluted.  The  simplest  determination  of  the  activity  is 
d(»ie  by  the  Sharer  method.  If  the  material  is  very  active,  it  must  be  diluted 
in  order  to  bring  the  content  down  to  measurable  proportions,  or  the  reacti(xi 
time  must  be  shortened  proportionally  and  then  calculated  and  c<xnpared. 
To  obtain  material  for  orientation  an  experiment  was  performed  with  enzyme 
extracts  from  pigs  (Table  XVII).  The  pig  had  not  previously  been  used  for 
salivary  phosphatase  experiments,  but  seems  suitable  for  the  purpose.  As  it 
spears  from  the  above  experiment  the  range  of  size  of  the  salivary  phosphatases 
seems  to  approach  that  of  urine  and  milk,  while  the  alkaline  phosphatase  of  the 
blood  is  stronger  than  the  salivary  phosphatase.  The  acid  phosphatase  pro¬ 
portions  of  the  blood  and  the  saliva  seem  to  be  opposite. 

The  physiological  range  of  size  of  the  salivary  phosphatases.  The  phosphatase 
activity  of  the  different  tissues  depends  to  a  great  extent  on  the  pll  adjustment. 
The  phosphatase  activity  of  the  blood  is  most  marked  by  alkaline  reaction, 
while  that  of  saliva  and  the  urine  is  most  marked  in  acid  reaction.  (Tables 
XVIII  and  XIX). 

The  origin  of  the  salivary  phosphatases.  Tables  XX  tmd  XXI  indicate  the 
sites  of  origin  of  salivary  phosphatase.  The  activity  of  the  alkaline  phos- 
I^tase  is  almost  uniformly  distributed  in  all  fractions,  while  probably  on 
account  of  the  micro-organisms,  the  strongest  effect  of  the  acid  phosphatase 
appears  in  the  sediment. 

Of  all  the  oral  tissues  examined,  the  sublingual  tissue  seem  to  present  the 
strongest  phosphatase  activity  both  in  the  acid  and  alkaline  fractions.  The 
presence  of  a  possible  increase  of  the  salivary  phosphatase  may  be  due  to  the 
flawing  2  reasons:’  A  diffusion  from  the  surrounding  tissues  through  the 


TABLE  XVII 

Salivary  photphaia$e  of  the  pig  at  determined  on  4  com.  evbstrate 
+  t  eem.  enzyme  eolation  incubated  S  houre  at  57** 


■ATUIAI. 

pH  9.4 

U0% 

Amoxnt ATE  KAMGB 
or  SICS 

pH  14 

110% 

ATPIOXIIIATK  lAliaB 
or  Sin 

Young  bone . 

41.6 

20 

16.2 

6 

Kidney . 

32.4 

12 

25.2 

10 

Gingiva . 

14.4 

7 

12.4 

7 

Lungs . 

13.6 

7 

Intestine . 

12.6 

6 

8.1 

3 

Liver . 

8.1 

4 

Blood  . 

6.5 

3 

11.8 

0.7 

Urine . 

2.1 

0.8 

1 

Saliva . 

5.5 

I.O 

/ 

Pancreas . 

1.6 

0.5 

Parotis . 

0.8 

0.3 

Gall . 

0.3 

0.2 

Milk . 

2.8 

1 

1.2 

0.5 

Dentin . 

1.0 

0.5 

0 

Enamel . 

0.3 

0 

1 

TABLE  XVIII 

Quantities  of  photphatase  in  material  from  different  patients  from  the  axUhor't 
practice.  (4  ccm.  substrate  +  1  ccm,  enzyme,  5  hours  incubation.  57') 


KATBUAX. 

pH  54 
«iO% 

pH  9.4 
ua% 

ATPlOIXIIIATt 
'  AOAUrSI 

pH  14 

lANOZOrSISB 

rSAUVA 

pH  94 

Bone  tissues . 

11.0 

28.6 

4 

8 

Gingival  tissues . 

17.2 

18.4 

6 

6 

Periodontal  membrane . 

16.2 

2 

6 

Pulverized  enamel . 

1  0 

0.3 

0 

Pulverized  dentin . 

1.0 

0 

0.8 

Tooth  plaques . 

5.8 

3.2 

1.5 

1  2 

Mother’s  milk . 

1.2 

1 

4.8 

0.5 

1.8 

Blood -serum . 

2.0 

6.1 

0.8 

3 

Urine . 

4.3 

1.0 

1.2 

0.5 

Saliva . 

3.2 

2.4 

1 

1 

TABLE  XIX 

Photphatase  content  of  tissues  express  in  Sharer  units.  (Same  material 
as  used  for  determinations  in  Table  XVIII.) 

(5  eem.  “Ewot”  substrate  +  0.6  eem.  enzyme — solution.  Ine.  1  hour  37'.) 


Alveolar  Process . .  60-70 

Gingival  tissues .  70-30 

Periodontal  membrane .  70-75 

Enamel .  0-  2.6 

Dentin .  10-12.6 

Tooth  plaques .  30-40 

Mother’s  milk .  15-17.6 

Blood  serum .  20-22.6 

Urine .  10-12.5 

Saliva .  12.6-16. 
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salivary  glands  and  the  blood  vessels,  2)  The  quantity  of  phosphatase  may  be 
due  to  the  bacteria  and  the  micro-organisms  of  the  saliva,  fitun  which  it  is 
disengaged  by  autolysis. 

R^ardless  of  the  individual  variations  of  the  activity  of  the  salivary  phos¬ 
phatases,  it  is  necessary  to  reckon  with  constant  activity,  and  no  type  of  saliva 
is  quite  free  from  the  enzyme. 

The  optimal  pH  of  the  salivary  phosphatases.  As  there  appears  to  be  smne 
disagreement  concerning  the  optimal  pH  of  the  salivary  phosphatases  among 
the  previous  investigators,  this  question  was  investigated  (Table  XXII).  Acid 


TABLE  XX 

Sites  of  origin  of  phosphatase  with  fractionated  secretion 
(0.5  ccm.  ensyme  material  5 ccm.  “Ewoe”  eubetrate) 


MAnsUt 

SBAStS  oiim 

IfminlA  miTAH  mIIva  .  . . 

12.5-15 

Pgrotid  saliva . 

7.5-10 

12.5-15 

(Vntriftiged  saliva . 

7.5-10 

fiAdimAnt  from  centrifuge . 

15  -20 

Filtrate . 

2.5-  7.5 

i|Alivg  (control) . 

0.0 

TABLE  XXI 

Sites  of  ort(^'n  of  salivary  phosphatase 

1  eem.  enzyme  material  +  4  ccm.  substrate  (glyceropboepbate).  Inc.  8  brs.  37' 


KAtiaiAL 

pHMifO% 

aHSJiia(% 

WKoIa  miToH  ■A.liva . 

2.3 

8.6 

Parotid  aaHwa  . 

1.4 

2.5 

Submaxillary . 

2.1 

2.8 

Centrifugate . 

1.8 

1.6 

Sediment . 

2.6 

4.8 

Rltrate . 

1.0 

1.1 

Boiled  saliva  (control) . 

0 

0 

saliva  seems  to  have  a  greater  hydrolyzing  power  than  alkaline,  and  al  o  sems 
to  show  fewer  individual  variations  than  the  alkaline.  Storage  of  saLva  does 
not  lower  the  effect  during  the  first  3  or  4  days.  After  this  period  the  activity 
dowly  decreases.  Addition  of  toluene  to  the  saliva  displaces  the  reaction  to 
the  acid  side  but  does  not  reduce  the  hydrolyzing  activity. 

By  addition  of  different  buffer  solutions  to  the  saliva,  the  optimal  pH  appears 
on  the  acid  side  (pH  5.5)  for  almost  all  types  of  saliva  (Table  XXIII).  This 
does  not  mean  that  the  saliva  contains  only  the  acid  phosphatase  (the  urine 
phosphatase)  but  rather  that  this  phosphatase,  by  addition  of  the  buffer,  is 
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^ven  optimal  conditions  for  activity  and  consequently  covers  the  effect  of  tbs 
alkaline  or  the  bone  phosphatase.  Some  types  of  saliva  do  not  show 
hydrolyzing  power  at  pH  9.4  but  this  does  not  mean,  necessarily,  that  the  bone 
phosphatase  is  totally  absent  from  the  saliva.  It  means,  rather,  that  the 
local  or  individual  conditions  of  hydrolysis  are  immediately  neutralized.  Poe. 
fdbly  individual  factors  of  solubility  may  be  active,  so  that  the  enzyme  is  pres* 
ent  in  the  desmo-form  or  in  the  lyo-form  (Soluble  or  bone-bound  enzymes). 

The  Mg.  activating  influence  on  the  salivary  phosphatases.  Some  experiments 

TABLE  XXII 

Storage  and  determination  of  the  activity  of  different  acid  and  alkaline  type*  of  saliva 
1  ccm.  saliva  -f-  4  ecm.  substrate.  Inc.  37*.  3  hours 


AQD  TYFE  OT  SAUTA 

•  (pH  measured  6.1-4.7) 

AUCAum  Tvn  or  sauva 
(pH  measured  7  n-7J) 

BAUVA  WITS 
TOUJUtB 

IbtemI 

pHSJ 

pH9 

Sharer  Unit 

pH5J 

1  pH  9.4  1 

Sharer  Unit 

pH  $4 

Fresh  saliva.  . 

6.8 

3.2 

15 

4.8 

Rl 

12.5 

5.8 

Stored  saliva  (2  days). . 

5.5 

2.4 

12.5 

3.8 

III 

10 

4.8 

Stored  saliva  (6  days). . 

5.1 

1.6 

7.5 

3.2 

la 

3.6 

TABLE  XXIII 

Phoephorut  level  of  taliva  at  different  pH 


pH 

Pmo% 

pH 

Piio% 

4.4 

2.8 

7.2 

3.2 

5.5 

5.2 

8.4 

2.7 

6.1 

4.8 

0.4 

2.3 

TABLE  XXrV 

Relationship  of  heating  to  phosphate  level 

pH  9.4  MC%  P 

pH54uc%P 

Fresh  saliva . 

2.2 

4.3 

Saliva  heated  to  50'  (30  min.) . 

1.8 

2.1 

Saliva  heated  to  55'  (30  nun.) . 

1.5 

0.0 

perfonned  by  the  author  confirmed  the  results  of  Giri  (13)  which  showed  that 
the  Mg.  ion  does  not  influence  the  salivary  phosphatase  at  pH  5.5  but  that  a 
weak  activation  may  be  observed  at  pH  9.4. 

Destruction  by  Heat.  The  above  experiments  indicate  that  the  alkaline 
phosphatase  is  more  resistant  to  heating  than  the  acid  phosphatase.  (Table 
XXIV) 

The  influence  of  substrate  concentration  on  the  activity.  This  problem  has 
already  been  examined  by  previous  investigators,  including  Giri  (13)  and 
Stein  (24).  The  optimal  activity  of  the  salivary  acid  phosphatase  appears  at 
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a  somewhat  higher  concentration  than  is  in  the  case  with  the  alkaline  phos¬ 
phatase  for  which  the  alkaline  concentration  is  estimated  at  0.025  mol.  solution 
(0.5%  to  1%)  of  sodium-glyceroplosphate. 

The  cleaning  by  dialyse.  According  to  Giri  (13)  dialyzed  saliva  should  be 
more  durable  than  that  w'hich  is  not  dialyzed.  This  fact  cannot  be  confirmed 
by  experiments  of  the  author. 

The  hydrolysis  of  the  other  substrates.  (Presence  of  pyrophosphatase.)  Demuth 
(6)  and  Giri  (13)  have  demonstrated  a  well  pronounced  hydrolysis  of  hexos- 
diphosphate  indicating  the  behavior  of  salivary  phosphatases  toward  other 
substrates.  The  problem  of  hydrolysis  of  pyrophosphate  seems  to  be  more 
uncertain  among  the  investigators.  A  distinct  pyrophosphatase  activity  can 
be  observed  in  the  saliva  under  the  experimental  conditions  used  (Table  XXV). 

Activation  by  addition  of  different  effectors.  Some  experiments  were  per¬ 
formed  with  different  substances  added  to  the  saliva.  The  lactic  acid,  nitrate 
and  cadmium  seem  to  promote  phosphatase  activity,  while  fluoride  seemed 
to  have  an  inhibitory  effect,  especially  on  the  acid  phosphatase. 

TABLE  XXV 


Hydrolysis  of  substrates.  (4  cem.  mttOO  sodiumpyrophosphats 
with  citrate  buffer  pH  5.6  +  1  cem.  saliva.) 


MSAX  or  2S  CASES 

use.  S  aouEs  P  iib% 

IMC.  IS  EOOES  P  IIG% 

2.6 

10.4 

R^mH  Mliva  f"i  dE3rB) . 

3.0 

12.2 

2.4 

9.8 

The  enzymic  hydrolysis  of  the  complex  phosphate  of  saliva 

As  demonstrated  by  the  previous  experiments,  the  saliva  contains  some  low 
molecular  acid  soluble  phosphate  compounds.  An  attempt  was  made  to  use 
these  as  a  substrate  for  an  enzymatic  hydrolysis.  Robinson  has  indicated  a 
technique  for  procuring  a  solution  of  the  acid  soluble  phosphates  of  the  saliva. 
This  technique,  with  some  modifications,  w'as  used  for  saliva:  To  5  ccm.  of 
freshly  collected  whole  saliva  5  ccm.  of  1%  trichloracetic  acid  was  added.  The 
mixture  was  vigorously  shaken  and  filtered.  To  the  filtrate  a  little  phenol- 
phtaline  was  added  and  thereupon  drop  by  drop,  10%  sodium  hydroxide  until 
a  faint  pink  color  appeared.  The  presence  of  the  trichloracetic  acid  ion  does 
not  check  the  activity  of  the  enzyme.  Four  ccm.  of  the  solution  was  used  for 
analyzing  the  enzymatic  activity,  1  ccm.  of  buffer  solution  being  added  just 
before  the  experiment.  As  enzyme  material,  1  ccm.  extract  from  gingival 
tissues  or  from  the  periodontal  membrane,  was  used.  By  using  concentrated 
extract  from  pig’s  kidney  the  activity  is  promoted.  To  complete  the  above 
experiment,  it  is  necessary  to  use  freshly  collected  saliva,  otherwise  the  self¬ 
hydrolysis  of  the  substrate  will  cover  the  effect  of  the  added  enzyme.  (Table 
XXVI) 
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The  syntheeizing  effect  of  the  salivary  phosphatases 

By  analyses  of  some  salivary  material  a^  different  hours  it  is  often  observed 
that  the  inorganic  phosphorus  present  shifts  in  value  when  the  saliva  is  left  at 
room  temperature  and  under  the  influence  of  the  air.  A  lowering  of  the  in¬ 
organic  value  can  only  be  explained  by  the  synthesizing  qualities  of  the  saliva. 

A.  In  vitro  experiments  on  the  synthesizing  salivary  phosphatase.  Technique. 
The  saliva  was  collected  in  the  morning  and  diyided  into  2  portions.  Fit»n 
these  portions,  after  respectively  2,  4  and  8  hours,  2  ccm.  were  taken  out  for 
analysis:  1  ccm.  for  estimation  of  the  total  phosphorus  of  saliva  and  1  ccm. 

TABLE  XXVI 


Bntymic  hydrolysis  of  organic  salivary  phosphate.  (4  eetn.  substrate  -f-  buffer 
solution  -I-  1  can.  enzyme-extract.  pH  9.4.  Inc.  5  hrs.) 


BXTUIIE  VALOBS  01 

Cmcm. 

r  U  BXPBBIMBNTS 

Yean 

>(a%P 

BMBVIIB 

2 

18 

3.1 

Periodontal  -extraet 

8 

12 

5.0 

Kidney-extract 

16 

7 

6.8 

Peridontal -extraet 

24 

11 

1.4 

Gingival-tisaue-extraet 

7 

8 

2.8 

Gingival-tieeue-extraet 

TABLE  XXVII 
Synthesis  by  storage  of  the  saliva 


AYBBAOBOBlS  BXB. 

TOXAl  Acm  ML.  MO% 

IMOM.  P.  110% 

OBO.  ACID 

•ol.mg% 

pH 

After  kmrrt 

0 

18.1 

— 

3.2 

6.7 

2 

7.5 

6.9 

4 

8.3 

7.0 

8 

3.9 

6.6 

for  estimation  of  inorganic  phosphorus.  The  portions  were  left  at  room  tem¬ 
perature  and  exposed  to  the  influence  of  the  air  (Table  XXVII). 

In  certain  types  of  saliva  (especially  alkaline),  a  distinct  increase  of  the 
organic  phosphate  by  means  of  the  S3mthesizing  effect  of  the  saliva  can  be 
observed  during  the  first  4  hours.  Later  the  phosphorus  content  is  lowered 
on  accoimt  of  hydrol3rsis,  which  covers  the  effect  of  the  synthesis.  Alkaline 
buffer  solution  and  a  little  fluoride  is  able  to  promote  the  synthesis. 

The  (^thesis  may  be  due  to  the  effervescence  of  the  carbon  dioxide  of  the 
saliva  and  the  pH  shift  which  follows  in  the  alkaline  direction.  Furthermore, 
the  admission  of  the  oxygen  from  the  air  and  the  lowering  of  the  temperature 
from  body  to  room  temperature  must  be  taken  into  consideration,  ^milar 
experiments  with  blood  have  been  performed  by  Lawaczek  (16)  and  have 
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shown  that  conduction  of  air  or  oxygen  through  the  blood  promotes  synthesis. 
It  is  probable  that  the  synthesis  is  due  to  a  bacterial  fermentation,  as  it  is 
checked  by  addition  of  toluene. 

It  can  hardly  be  lactic  acid  fermentation  in  this  case,  as  such  fermentation 
is  greater  at  body  than  at  room  temperature.  Lactic  acid  changes  the  hydrogen- 
ion  concentration  to  the  acid  side,  and  in  this  way  promotes  hydrolysis  as  it 
can  be  observed  by  the  long  standing  of  the  saliva  ^vithout  toluene.  Probably 
synthesis  is  due  to  putrefaction  of  saliva  with  formation  of  ammonia.  This, 
in  combination  with  the  effervescence  of  the  carbon  dioxide  would  give  an 
immediate  alkaline  reaction  to  the  saliva.  In  any  case,  the  synthesis  depends 


TABLE  XXVIII 

Effut  Storage  of  the  Saliva  after  Admieeion  of  Carbon-dioxide 


ITOBAGB 

Mm. 

TOTAL  ACm 
ML. 

noio. 

P.i*o% 

OIO.  P. 
110% 

pH 

Fresh  saliva . 

0 

19.2 

17.2 

2.0 

6.0 

Saliva  +  carbon-dioxide . 

120 

18.4 

0.8 

6.6 

Saliva  without  carbon-dioxide . 

120 

16.4 

2.8 

7.1 

TABLE  XXIX 

Effect  of  addition  of  tributyrin  eolution 


ATTU  BOOBS 

TOTAL?. 

laoBo.  P. 

OBO.  P. 

pH 

0 

17.8 

15.2 

2.6 

7.1 

2 

14.1 

3.7 

7.1 

4 

13.0 

4.8 

7.2 

TABLE  XXX 


AVUAOX  or  30  CTFtWimiTt 


Phosphate  +  glycerin  -H  saliva . . 

Phosphate  +  glycerin  +  boiled  saliva 


PllO%  ATTBB 

Oboon 

SboBia 

12  hoars 

14.6 

11.4 

10.2 

14.6 

14.6 

14.7 

on  the  alkaline  reaction  of  the  saliva.  The  development  of  ammonia  in  the 
saliva  can  be  demonstrated  by  the  pH  level  and  by  the  Ame  Hansens  ammonia 
analysis  (11). 

The  role  of  the  carbon-dioxide  in  the  hydrolysis  can  be  demonstrated  by  a 
control  experiment  (Table  XXVIII).  In  the  carbon-dioxide  treated  saliva, 
no  synthesis  can  be  observed. 

An  augmentation  of  the  alcoholic  component  of  the  saliva  may  be  due  to  an 
increased  intake  of  fatty  substances  and  by  the  splitting  of  the  fats  into  glycerin 
and  fatty  acids  by  salivary  lipase. 

As  demonstrated  by  Scheer  (22)  and  Eggers  Lura  (8)  the  lipase  is  quite 
active  in  the  saliva. 
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Technique.  Equal  parts^  of  a  saturated  tributyrin  solution  is  added  to  the 
saliva  and  left  at  room  temperature.  Samples  for  analysis  are  taken  out  imme¬ 
diately  and  after  2  and  4  hours  the  values  are  corrected  for  the  tributyrin  ad(h- 
tion  (Table  XXIX).  The  disengagement  of  the  glycerin  seems  to  promote 
the  83mthesis  in  vitro. 

In  accordance  with  the  law  of  mass  effect,  every  synthesis  or  hydrolysis  of 
the  esters  in  vitro  must  result  in  an  equilibrium  between  esters  and  water,  acid 
and  alcohol.  Provided  that  the  necessary  excess  of  the  alcoholic  component 
is  present,  a  catalytic  ester  synthesis  should  be  possible  in  vitro  with  the  syn¬ 
thesizing  salivary  phosphatase  as  the  catalysator  (Table  XXX). 

In  the  majority  of  samples  a  distinct  lowering  of  the  content  of  inorganic 
phosphorus  could  be  observed  even  after  6  hours  of  incubation  and  at  room 
temperature.  In  some  cases  a  better  effect  was  obtained  by  addition  of  peri¬ 
odontal  membrane  extract  to  the  tested  mixture. 

As  the  fluoride  seems  to  have  a  retarding  effect  on  the  hydrolizing  salivary 
phosphatase,  an  experiment  was  done  with  the  addition  of  sodium  fluoride 

TABLE  XXXI 
Effect  of  fluoride 


4  ccm.  glycerin  2  ccm.  saliva  +  0.5  ccm.  sec.  sodium  phosphate  (A  mol) 
•f  2  ccm.  buffer-solution  pH  9.4  -f  0.5  ccm.  sodium  fluoride  (0.5%) 


AVIKAGX  or  10  KXPlVMZNTt 

110%  uioro.  P  Amx 

Oboort 

1  6  hour*  1 

12  bottta 

Saliva  -|-  the  test  mixture . 

14.6 

■ 

5.7 

5.2 

Boiled  saliva  -f  test  mixture . 

14.6 

■ 

3.9 

14.1 

(Table  XXXI).  The  addition  of  the  fluoride  promotes  the  synthesizing  activ¬ 
ity  of  the  saliva,  while  the  hydrolyzing  effect  is  checked. 

DISCUSSION  AND  CONCLUSIONS 

Since,  in  the  present  work,  the  phosphorus  content  of  the  saliva  as  well  as 
the  values  for  salivary  phosphatases  are  expressed  in  mg.  %,  all  shifts  in  the 
concentrations  are  directly  comparable  with  the  standard  errors  of  the  mean. 
Any  difference  is  considered  significant  when  it  exceeds  2  times  the  value  of 
the  standard  error  of  the  mean. 

The  greatest  differences  between  the  salivary  phosphorus  values  can  be 
attributed  to  the  varying  phosphorus  content  of  the  diet  with  a  rather  high 
degree  of  certainty.  In  comparison  to  this  diurnal  variations,  conceivably 
due  to  the  varying  bacterial  content  of  the  saliva,  are  relatively  slight. 

The  greatest  standard  deviations  of  the  mean  for  the  organic  fractions  (3.1 
nig-  %  ^or  an  average  of  4.9  %  for  organic  acid  soluble  phosphorus)  cannot,  for 
the  present,  be  related  to  any  known  causes. 

Through  enzymatic  activity,  0.5  to  2.3  mg.  %  inorganic  phosphate  of  the 
saliva  may  be  liberated  in  1  hour,  and  as  this  is  more  than  4  times  the  error  of 
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mean,  the  phosphatase  activity  must  be  considered  significant.  However,  it 
is  necessary  to  take  into  consideration  that  the  capacity  of  the  phosphatases 
for  hydrolysis,  which  is  in  itself  a  variable  which  depends  on  the  pH  and  the 
concomitant  substances  of  the  saliva.  When  the  experimental  material  has 
been  stored  and  left  for  some  length  of  time,  the  synthesizing  activity  of  the 
salivary  phosphatases  has  to  be  taken  into  conmderation. 

Through  an  experimental  series  it  has  been  possible  to  demonstrate  differ' 
ences  in  the  inorganic  phosphorus  values  amounting  to  4  to  6  mg.  %  when  the 
saliva  is  left  at  room  temperature  from  2  to  4  hours.  This  corresponds  to 
about  2  times  the  standard  deviation  of  the  mean  on  the  average  value  for 
inorganic  phosphorus  (3.4  mg.  %).  Although  these  differences  are  balanced 
to  some  extent  on  leaving  the  saliva  longer,  for  the  present  they  must  be  con¬ 
sidered  as  the  most  natural  explanation  for  the  strikingly  great  differences  in 
the  normal  values  for  the  salivary  phosphorus  encountered  heretofore  in  dental 
literature.  In  further  analyses  of  the  salivary  phosphorus  this  source  of  error 
should  be  eliminated  by  carrying  out  the  analyses  immediately  after  collecting 
the  saliva. 

SUMMARY 

1)  In  analyses  of  all  phosphorus  fractions,  except  in  total  phosphorus,  rather 
significant  shifts  in  the  phosphorus  concentration  resulting  from  the  activity 
of  the  phosphatases,  and  resulting  indirectly  from  the  influence  of  the  con¬ 
comitant  substances  on  these  phosphatases,  should  be  considered. 

2)  When  the  saliva  is  left  for  some  time,  these  shifts  become  particularly 
pronounced,  as  the  enzymes  are  more  resistant  to  storage  than  the  phoephorus 
fractions.  Hence  the  phosphorus  analysb  should  be  carried  out  immediately 
after  the  collection  of  saliva. 
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FACTORS  INFLUENCING  ORAL  GLUCOSE  CLEARANCE* 

J.  F.  VOLKER  AifD  D.  M.  PINKERTON 
DivUton  of  Pmenlivo  Dontittry,  Tuft*  CoUtg*  Dtntal  School,  Boaton,  Ma*a. 

In  a  previous  study  (1)  we  observed  marked  variations  in  the  clearance  from 
the  mouth  of  glucose  ingested  in  different  foods  and  confections.  Because  of 
these  inconsistencies  a  preliminary  experimental  investigation  of  this  aspect  of 
oral  physiology  was  attempted. 

The  need  for  information  on  the  subject  is  apparent  if  we  agree  that  dental 
canes  is  related  to  retention  of  refined  carbohydrates  about  ihe  teeth  and  their 
subsequent  breakdown  by  oral  bacteria.  Accordingly,  those  forms  of  carbohy¬ 
drate  which  are  cleared  most  slowly  would  have  the  most  harmful  effects  on  the 
teeth  and  should  be  avoided. 

Included  among  the  more  probable  factors  influencing  the  clearance  of 
glucose  from  the  moutlAire  its  physical  nature  and  the  manner  in  which  it  is 
consumed.  Therefore  it  was  decided  to  compare  the  clearance  from  the  mouth 
of  glucose  taken  in  liquid  and  different  solid  forms.  The  solid  glucose  could  be 
eaten  in  a  granular  mass,  dissolved  by  sucking  a  wafer  of  pure  glucose,  and 
•'hewed  in  a  resistant  mass  such  as  is  provided  by  confections  and  chewing  gum. 
It  was  felt  that  such  an  approach  would  give  information  indicating  the  fate  of 
sugars  used  according  to  our  present  dietary  habits.  The  selection  of  glucose 
for  this  study  is  not  meant  to  imply  that  this  carbohydrate  is  of  greatest  impor¬ 
tance  in  caries  etiology.  This  sugar  was  chosen  primarily  because  it  can  be 
detected  by  reliable  quantitative  methods  and  was  most  suitable  for  our  experi¬ 
ments.  . 

EXPERIMENTAL 

Six  young  adults  (3  males  aged  22-33, 3  females  aged  22-27)  were  used  as  test 
subjects.  To  determine  the  base  salivary  glucose  level  (control  value),  initial 
samples  of  unstimulated  saliva  were  collected  from  each  patient  at  least  1  hour 
after  the  last  food  was  eaten.  Experimental  salivary  samples  were  taken 
at  2,  9, 16,  and  30  minutes  after  the  beginning  glucose  ingestion.  The  glucose 
was  administered  to  each  participant  in  500  mg.  quantities  in  the  following 
forms  (1)  a  glucose  wafer  to  be  held  in  the  buccal  vestibule  and  dissolved  by 
sucking  (2)  a  glucose  cube  to  be  eaten  at  the  normal  rate  (3)  4  cc.  of  an  aqueous 
solution  of  glucose  to  be  rinsed  in  the  mouth  for  one  minute  prior  to  swallowing 
(4)  a  gum  base  to  be  chewed  for  the  entire  experimental  period.  The  first  3 
glucose  preparations  listed  were  prepared  in  our  laboratory  and  contained  as 
much  glucose  as  is  usually  found  in  a  section  of  commercial  chewing  gum. 

'  This  study  was  supported  by  a  grant  from  the  American  Chicle  Company.  Received  for 
publication  February  27,  1947. 
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RESULTS 

Typical  findings  of  glucose  clearance  tests  are  presented  in  Table  I.  The 
figures  reported  are  the  averages  of  tests  made  on  a  group  of  6  subjects.  Repe¬ 
tition  of  the  procedures  gave  essentially  the  same  results.  In  general  there 
was  good  agreement  in  the  rate  of  clearance  of  the  various  supplements  in  5  of 
the  6  participants.  In  a  sixth  subject  who  wore  a  removable  partial  denture, 
the  disappearance  of  glucose  was  uniformly  slower.  At  each  time  interval  the 
highest  values  were  encountered  when  glucose  was  sucked  in  wafer  form.  When 
glucose  was  eaten  in  cake  form  the  2  minute  salivary  level  was  in  excess  of  1000 
mg%.  However,  the  return  to  normal  was  more  rapid  than  where  glucose  was 
given  in  concentrated  aqueous  solution.  The  lowest  initial  value  (2  min.)  was 
found  in  the  case  of  the  gum  base  glucose.  Although  the  gum  was  chewed  for 
the  entire  30  minutes  the  saliva  showed  no  evidence  of  added  glucose  after 
approximately  20  minutes  of  chewing. 

TABLE  I 


Mg  %  of  glucose  in  saliva  at  intervals  after  using  500  mg.  of  glucose 


HOW  UUD 

TmiM  lOHUTKS 

0 

3 

9 

16 

M 

Eaten  (Cake) . 

18 

1425 

68 

20 

14 

Bucked  (Wafer) . 

18 

3304 

1125 

229* 

Rinsed  (Solution) . 

21 

832 

25 

17 

Chewed  (Gum  Base) . 

23 

725 

204 

144 

27 

*  3  of  the  6  subjects  had  not  completely  dissolved  their  wafer.  The  30  minute  avenge 
figure  for  those  dissolving  the  wafer  was  91  mg  %. 


COMMENT 

The  data  presented  possibly  casts  light  on  one  important  factor  in  the  causa¬ 
tion  of  caries,  namely  the  period  of  time  during  which  the  oral  concentration  of 
soluble  carbohydrates  will  be  elevated  following  varying  methods  of  use.  Our 
findings  deal  only  with  the  use  of  sugar  in  a  pure  form  and  do  not  necessarily 
forecast  what  will  happen  when  sugars  are  combined  with  other  foodstuffs  having 
varying  physical  properties.  However,  results  may  have  some  practical  im¬ 
plications,  since  they  relate  directly  to  some  of  the  more  common  methods  of 
sugar  utilization;  namely,  in  crunched  and  suck^  candies,  che\ving  gum  and 
sweet  beverages.  A  conclusion  of  particular  interest  is  that  chewing  gum  in 
spite  of  the  incorporation  of  glucose  in  a  solid  and  persistent  base  gives  low 
glucose  values  after  the  first  few  minutes  of  use.  This  may  be  related  to  the 
findings  of  Knighton  (2)  and  Turesky  and  Bibby  (3)  which  showed  that  gum 
chewing  was  effective  in  removing  micro-organisms  from  the  mouth,  and  to  our 
demonstration  that  it  removes  carbohydrate  foodstuffs. 

Unpublished  data  from  our  laboratory  gives  further  support  to  this  concept. 
We  have  measured  the  titratable  acidity  after  24  hours  incubation  at  38®C  of  5 
cc.  samples  of  saliva  before  (control)  and  at  5,  15,  30,  and  45  minutes  after 
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beginning  to  chew  gum.’  The  average  titratable  acidities  for  8  experimental 
subjects  was  0.4, 2.7, 1 .8, 0.2,  and  0.1  cc.  of  0.025N  acid  for  the  control,  5,  15, 30 
and  45  minute  samples  respectively.  The  reduced  acid  production  in  the  30 
and  45  minute  salivary  samples  indicates  that  the  chewing  had  reduced  indi¬ 
vidually  or  collectively  the  amount  of  available  fermentable  carbohydrate  or  the 
number  of  acidogenic  organisms  capable  of  affecting  its  breakdown.  Another 
possible  explanation  would  be  that  the  vigorous  mastication  altered  the  nature 
of  the  salivary  protein  either  by  dilution  or  to  the  extent  that  they  contained 
relatively  fewer  acidic  groups  capable  of  buffering  activity. 

SUlOfART 

The  clearance  from  the  mouth  of  500  mg.  portions  of  glucose  sucked,  eaten* 
chewed  and  rinsed-swallowed  has  been  compared  in  6  experimental  subjects. 
The  clearance  was  found  to  be  most  rapid  for  the  rinsed-swallowed  and  slowest 
for  the  sucked  glucose.  When  glucose  was  administered  in  the  form  of  chewing 
gum  low  salivary  glucose  values  were  recorded  after  the  first  several  minutes 
notwithstanding  the  persistence  of  the  base.  Attention  is  called  to  the  possible 
mgnificance  of  the  findings  in  relation  to  the  causation  of  dental  caries. 
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ACID  PRODUCTION  IN  SALIVA-CARBOHYDRATE  MIXTURES^ 

J.  F.  VOLKER  AND  D.  M.  PINKERTON 
Divinon  of  Preventive  Dentietry,  Tvfte  College  Dental  School, 'Boston,  Mass. 

It  is  generally  believed  that  the  prolonged  retention  of  refined  carbohydrates 
about  the  teeth  and  their  subsequent  breakdown  by  components  of  saliva  con¬ 
tributes  to  the  causation  of  dental  caries.  In  a  previous  study  (1)  we  have 
shown  that  following  the  ingestion  of  certain  foodstuffs  the  concentration  of 
(^ucose  in  the  saliva  is  greatly  increased  and  that  relatively  high  values  may  be 
observed  for  extended  periods  thereafter.  These  findings  naturally  gave  rise 
to  questions  regarding  the  breakdown  of  glucose  and  other  carbohydrates 
persisting  in  the  mouth.  Therefore,  it  seemed  worthwhile  to  investigate.  (1) 
the  rate  of  breakdown  of  various  mono,  di  and  polysaccharides  by  saliva;  (2)  the 
influence  of  carbohydrate  or  saliva  concentration  on  the  velocity  of  saliva 
carbohydrate  fermentation;  (3)  the  comparative  susceptibility  of  raw'  and 
refined  carbohydrates  to  salivary  action. 

EXPERIMENTAL 

Since  the  breakdown  of  carbohydrate  by  saliva  is  characterized  by  rapid  acid 
formation,  estimations  of  this  phenomena  provide  a  simple  and  direct  measure  of 
the  effects  of  saliva  on  carbohydrates.  In  this  series  of  experiments  the  progress 

carbohydrate  breakdow'n  wras  followed  by  means  of  titrations  with  0.025N 
sodium  hydroxide,  using  phenolphthalein  as  an  indicator,  and  by  pH  deter¬ 
minations  on  a  Coleman  potenticHneter.  The  test  mixtures  were  incubated  at 
38°C  and  fresh  unstimulated  human  saliva  or  the  sedimentary  portion  thereof 
was  used  in  all  instances.  Because  of  the  implied  relationship  betw'een  acid 
formation  in  the  mouth  and  dental  caries,  and  the  belief  that  this  takes  place 
more  rapidly  in  mouths  with  active  dental  caries,  saliva  from  caries  susceptible 
individuals  was  selected  for  our  studies. 

1.  The  Rate  of  Breakdown  of  Vartoue  Mono,  Di,  and  Polyeaecharidee  by  Saliva. 
5  cc.  aliquots  of  pooled  saliva  from  patients  with  active  caries  were  added  to  2^ 
cc.  of  10%  solutions  of  various  carbohydrates.  (Because  of  the  limited  solu¬ 
bility  of  starch,  5  cc.  of  5%  starch  was  substituted.)  The  pH  of  the  mixtures 
was  measured  at  30  minutes,  1,  2,  3,  and  4  hours  at  which  time  the  titratable 
acidity  was  determined.  With  each  series  of  tests  a  similar  glucose  saliva 
mixture  was  run  and  saliva  without  added  carbohydrate  was  also  incubated  to 
serve  as  an  additional  control. 

Repeated  incubation  of  saliva  without  carbohydrate  failed  to  produce  sig¬ 
nificant  quantities  of  acid.  In  saliva-glucose  mixtures  the  pH  fell  steadily  from 

*  This  study  wu  supported  by  the  American  Chicle  Company.  Received  for  publication 
February  27,  1947. 
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the  initial  value  of  approximate!}'  6.8  to  a  terminal  pH  of  4.5  at  the  end  of  4 
hours.  The  final  titratable  acidity  generally  approximated  the  equivalent  <rf 
6  cc.  of  0.025N  NaOH.  The  results  given  with  fructose,  sucrose,  white  dextrin 
and  soluble  starch  were  essentially  the  same  as  those  observed  with  glucose. 
(Table  I)  Two  pentoses,  arabinose  and  xylose,  both  showed  complete  lack  of 
acid  production.  The  phosphorylation  of  fructose  (commercially  prepared 
fructose  mono-phosphate  and  fructose  di-phosphate)  did  not  accelerate  its 
reactivity.  Yellow  dextrin  gave  indication  of  being  approximately  25%  leas 
susceptible  to  acid  production  than  white  dextrin. 

2.  The  Influence  of  Carbohydrate  or  Saliva  Concentration  on  the  Velocity  of 
Saliva  Carbohydrate  Fermentation.  The  influence  of  carbohydrate  concentration 
on  the  acid-producing  capacity  of  saliva  was  investigated  by  incubating  mixtures 
containing  varying  concentrations  of  glucose  and  pooled  saliva  from  carious 
persons.  The  mixtures  were  made  by  adding  equal  quantities  of  saliva  and 
varying  dilutions  of  glucose  and  contained  between  100  mg%  to  10,0(X)  mg%  (rf 


TABLE  I 

Acid  formation  in  saliva  carbohydrate  mixtures* 


pH  op  mxTuu  at  vakious  rm  uttkivau 

TSmniAL  TITIAl^ 
ABU  AcmiTf 

Substr&te . 

min, 

0 

IWM. 

30 

Af. 

1 

krs, 

2 

kr$, 

3 

Mrs, 

4 

Glucose . 

6.8 

6.7 

5.0 

4.5 

4.4 

4.4 

Sucrose . 

6.8 

6.7 

6.0 

4.6 

4.4 

4.4 

6.8 

Starch . 

6.8 

6.2 

4.7 

4.5 

4.4 

4.4 

7.1 

Fructose . 

6.9 

6.6 

4.9 

4.6 

4.4 

4.3 

6.0 

White  Dextrin . 

6.8 

6.1 

6.0 

4.6 

4.3 

4.3 

5.3 

*  2.5  c.c.  of  10%  glucose,  sucrose,  fructose,  and  white  dextrin  and  6  c.c.of  5%  starch  plus 
6  c.c.  of  pooled  saliva. 


the  hexose.  Determinations  of  pH  were  made  each  30  minutes  during  a  3  hour 
period. '  At  the  end  of  this  time  the  acid  formed  was  titrated  with  sodium 
hydroxide. 

No  appreciable  difference  in  acid  production  could  be  detectejd  between  500 
and  10,000  mg%  solutions.  Acid  production  in  the  100  mg%  mixtures  proceeded 
at  a  reduced  rate  during  the  first  30  to  60  minutes  and  ceased  thereafter.  Analy¬ 
sis  of  these  mixtures  for  reducing  substances  indicated  that  the  cessation  of  acid 
production  was  the  result  of  the  glucose  being  completely  utilized  during  the 
test  period.  (Table  II)  When  sucrose  was  substituted  in  the  saliva  mixtures, 
results  similar  to  those  noted  with  glucose  were  observed. 

The  influence  of  dilution  of  salivary  factors  on  carbohydrate  breakdown  was 
investigated  by  comparing  acid  production  of  the  supematwt  and  sedimentary 
fractions  of  centrifuged  pooled  saliva.  If  5  cc.  of  10%  glucose  or  sucrose  were 
added  to  the  same  volumes  of  sediment  and  supernatant  saliva,  pH  determina¬ 
tions  made  at  5,  15,  30,  45,  and  60  minutes  showed  that  acid  production  could 
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be  detected  in  the  former  within  5  minutes  but  was  not  appreciable  in  the  latter 
after  60  minutes  incubation.  At  the  end  of  an  hour  the  pH  of  the  supernatant 
mixture  was  ordinarily  7.0  and  that  of  the  sediment  mixture  4.0.  It  seems 
apparent,  therefore,  that  the  ability  of  saliva  to  break  down  carbohydrate  is 
dependent  principally  on  the  relative  concentration  of  sediment  contained  in 
the  saliva. 

3.  The  Comparative  Susceptibility  of  Raw  and  Refined  Carbohydrate  to  Bacterial 
Action.  Using  the  techniques  previously  described,  the  rate  of  acid  formation 
was  compared  in  pooled  saliva  to  which  various  crude  and  refined  carbohydrates 
were  added.  Cane  sugar  in  5  different  stages  of  refinement  from  raw  cane  juice 
(freshly  pressed  from  cane  in  our  laboratory)  to  the  ordinary  crystalline  table 
sugar  showned  no  difference  in  acid  production.  Other  tests  with  honey,  maple 
sugar  and  farina  (directly  from  the  Amazon  valley)  indicated  that  other  raw 
carbohydrates  produced  acid  as  rapidly  as  refined  glucose  or  sucrose  when  acted 
upon  by  saliva. 

TABLE  II 


The  effect  of  carl  oh'jirate  concentration  on  acid  production  in  glucose  saliva  mixtures* 


onriAL 
COMC.  MG.  % 
OICLOCOS£ 

pH  OP  MDCTUUS  AT  VAUOUS  TmX  IMTEBVAU 

lemMXNAL 

I  TXTIATABLS 
ACIDITY 

MM. 

0 

MM. 

30 

MM. 

60 

MM. 

90 

Mt«. 

120 

MM. 

150 

MM. 

180 

0 

6.8 

6.2 

6.2 

6.2 

6.2 

6.2 

6.2 

N  acid 
2.0 

100 

6.8 

5.8 

5.3 

5.1 

5.1 

5.1 

3.1 

500 

6.8 

6.7 

6.1 

4.7 

4.6 

4.4 

4.4 

5.9 

1,000 

6.8 

5.8 

6.0 

4.6 

4.5 

4.5 

4.4 

5.7 

10,000 

6.8 

5.9 

5.1 

4.7 

4.5 

4.5 

4.3 

5.9 

*  5  c.c.  of  pooled  saliva  and  5  c.c.  aqueous  solution  of  glucose. 


COMMENT 

These  studies  and  those  previously  reported  by  Muntz  and  Miller  (2)  indicate 
that  starch  and  sucrose  are  broken  down  by  saliva  at  approximately  the  same 
rate  and  to  the  same  extent  as  is  glucose.  This  suggests  the  possibility  that 
these  poly  and  di-saccharides  may  not  necessarily  be  converted  to  glucose  during 
their  degradation.  Doudoroff’s  (3)  evidence  that  sucrose  may  be  phosphoryl- 
ated  directly  by  bacteria  supports  this  idea.  Other  support  is  found  in  our 
inability  to  detect  the  production  of  reducing  substances  in  saliva  sucrose 
mixtures  at  a  rate  sufficiently  rapid  to  account  for  the  observed  acid  production. 
It  is  possible  that  an  analogy  can  be  drawn  between  the  phosphorylation  of 
glycogen  (animal  starch)  and  the  breakdown  of  plant  starch  in  the  presence  of 
salivary  enzyme  systems. 

The  rapid  acid  production  that  occurs  when  there  is  an  increase  in  the  relative 
amount  of  salivary  debris  (bacteria,  cellular  elements,  mucin,  etc.)  in  a  saliva 
carbohydrate  mixture  supports  the  work  of  Stephen  (4),  who  has  demonstrated 
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that  rapid  acid  formation  occurs  on'  tooth  surface  following  glucose  rinses.  It 
appears  likely  that  if  salivary  debris  were  concentrated  to  the  extent  that  it  is  in 
undisturbed  areas  in  the  mouth  that  the  addition  of  carbohydrates  would  ^ve 
results  comparable  to  those  obBer\'ed  in  his  '‘in  vivo”  plaque  studies  of  glucose 
fermentation. 

The  inability  of  raw  carbohydrates  to  resist  the  attack  of  oral  bacteria  may 
at  first  be  interpreted  to  mean  that  these  substances  are  as  destructive  to  tbs 
teeth  as  are  their  refined  counterparts.  However,  Osborn,  Noriskin  and  Stas 
(5)  have  reported  that  tooth  surfaces  exposed  to  mixtures  of  saliva  and  unrefined 
carbohydrates  are  more  resistant  to  decalcification  than  those  immersed  in 
saliva-containing  refined  carbohydrates.  Osborn,  Noriskin  and  Staz  suggests 
this  phenomenon  b  the  result  of  the  refining  processes  removing  constituaiti 
that  are  protection  against  solution  of  the  enamel.  Unfortunately  our  expert* 
ments  cannot  cast  any  light  on  this  possibility. 

SUMMARY 

The  unstimulated  saliva  of  carious  people  has  been  incubated  at  body  tem¬ 
perature  with  various  carboh3'drate  solutions.  The  acid  production  in  sucrose 
and  starch  saliva  mixtures  has  been  shown  to  be  comparable  to  that  of  glucose. 
Two  pentoses  were  found  to  be  resbtant  to  salivary  action.  It  has  been  sug¬ 
gested  that  the  breakdown  of  sucrose  and  starch  in  the  mouth  may  not  proceed 
through  glucose  but  may  be  brought  about  by  direct  phosphorylation.  Ap¬ 
preciable  acid  production  has  been  observed  to  take  place  within  15  minutes 
in  mixtures  of  glucose,  sucrose  and  the  concentrated  salivary  debris  of  carious 
persons.  Various  raw  carbohydrates  have  been  shown  to  be  converted  to  acid 
by  saliva  at  rates  similar  to  those  observed  for  refined  sugars. 
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prevention  of  dental  cartes  by  brushing  the  teeth 

WITH  POWDERS  CONTAINING  FLUOIL\PATITE» 
j.  F.  McClendon  and  Wm.  c.  foster 

With  the  Roentgenological  Aeeistsnce  of  N.  Volnet  Ludwick 
Hahnemann  Medical  College,  Phila.,  Pa. 

Since  the  relation  of  experimental  dental  caries  to  fluorine  was  reviewed  by 
Hodge  and  Sognnaes  (1)  references  will  be  given  mainly  to  our  own  work. 

Fluorine  interested  the  senior  author  in  1917  (2)  when  he  observed  that  sea 
water  (containing  1  part  per  million  of  fluorine)  on  evaporation  would  not 
completely  redissolve,  due  partly  to  the  insolubility  of  fluorides.  Considering 
fluorine  an  essential  element  and  flnding  it  is  lost  from  salt  by  refining,  he  began 
in  1919  giving  rats  sea  water  instead  of  salt.  Fluorine  was  known  to  be  a  con¬ 
stituent  of  dental  enamel  and  because  of  the  calcium  and  phosphorus  content 
he  considered  enamel  to  be  essentially  apatite.  At  his  suggestion  his  associates 
confirmed  this  by  X-ray  spectogram  (3). 

With  the  aid  of  collaborators,  the  senior  author  showed  (4)  in  1921  that 
crystals  of  fluorapatite  in  saliva  lost  no  weight  in  3  months  unless  the  pH  was 
as  low  as  5.  In  1923  he  fed  powdered  rock  phosphate  (71.4%  fluorapatite)  to 
rats  with  beneficial  results  on  their  bones  and  teeth  (5).  Since  the  saliva  con¬ 
tains  calcium  and  phosphate  ions  and  th^  pH  is  near  neutrality  and  the  dental 
enamel  is  essentially  apatite,  why  does  the  enamel  never  add  on  calcium  and 
phosphate  ions  and  thus  grow,  but  on  the  contrary  always  (when  any  change 
takes  place)  dissolve?  A  piece  of  polished  marble  in  sterile  sea  w'ater  does  not 
dissolve,  but  when  immersed  in  the  sea  it  becomes  covered  with  organisms  and 
etched  by  acids  due  to  their  metabolism  underneath  their  attachments.  The 
senior  author  showed  that  Tortugas  sea  water  is  supersaturated  with  calcite 
and  aragonite  but  that  neither  calcite  nor  aragonite  crystals  would  grow  in 
this  sea  water  unless  they  were  absolutely  clean  (G).  This  may  be  due  to 
interference  of  surface  film  with  free  diffusion.  Freshly  formed  calcite  cr3rstal8 
quickly  came  to  equilibrium  with  sea  water,  which  led  to  the  idea  of  brushing 
the  teeth  in  order  to  bring  the  enamel  into  equilibrium  with  the  saliva.  He 
first  showed  that  an  abrasive  tooth  powder  of  sharp  calcite  crystals  caused  no 
detectible  abrasion  of  the  enamel  after  2  minutes  brushing  per  day  for  5  years 
(7).  Brushing  the  teeth  is  no  new  idea  since  the  tooth  brush  is  reported  to 
have  been  invented  in  China  in  1498  and  is  figured  in  the  Chinese  Encyclopedia 
Lei  Shu  Ts’  Ai  T’u  Hui  in  1609.  But  the  idea  of  subjecting  a  clean  tooth  to  a 
saturated  solution  of  fluorapatite  was  first  published  by  us  in  1942  (8,  9). 

*  Beceived  for  publication  May  2,  1947. 
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BRUSHING  ALBINO  R.VTS’  TEETH  WITH  POWDERED  ROCK 
PHOSPHATE  (71.4%  FLUORAPATITE) 

The  brushing  of  rats’  teeth  with  powdered  Tennessee  brown  rock  phosphate 
was  continued  4  years  with  the  litter-mate  controls  on  the  same  diet.  This 
diet  was  the  Hoppert,  Webber,  Canniff  (10)  diet  modified  to  lower  its  fluorine 
content.  The  diet  was  59%  cracked  yellow  com,  30%  low  fluorine  skim  miiy 
powder  (N.  Y.  State)  (11),  10%  com  oil  and  1%  reagent  sodium  chloride. 
The  diet  was  analyzed  for  fluorine  by  the  method  of  McClendon  and  Foster  (12) 
and  usually  fell  within  0.3  and  0.5  parts  per  million.  The  rats  were  weaned  at 
21  days  of  age,  put  on  the  diet  and  half  of  each  litter  placed  in  a  separate  cage 
and  their  teeth  bmshed  daily.  The  results  were  as  follows: 


MO.  or  BATS 

CABIOUS  TKXTM  BU  BAT 

Bniibed 

Controls 

Bmshed 

Controls 

32 

68 

32 

58 

6^100 

103-156 

0.16 

1.25 

8 

4 

The  rats  were  killed  at  the  periods  indicated  and  their  jaw’s  were  placed 
under  a  binocular  microscope  and  the  carious  teeth  counted.  Some  of  the 
teeth  were  later  cleared  in  methyl  salicylate  and  benzyl  benzoate  to  verify  the 
caries  coimt,  but  since  only  comparative  figures  were  needed  this  was  discon¬ 
tinued.  The  caries  were  all  in  the  molars.  Fractures  exposing  the  dentin 
were  disregarded  since  it  was  found  that  they  never  became  carious  within 
200  days  and  the  incisors  always  had  exposed  dentin  and  were  never  carious. 
Fluorosis  of  the  incisors  was  always  present  as  indicated  by  bleaching  along  the 
daily  growth  lines  or  continuous  bleaching.  The  caries  were  always  in  the 
sulci  of  the  molars  and  if  any  very  small  ones  were  missed,  the  same  was  true  of 
the  controls.  Multiple  caries  in  a  single  tooth  or  confluence  of  caries  was  not 
recorded  as  only  carious  teeth  were  counted. 

The  rats  learned  how  to  resist  the  brushing  process  and  since  the  number  ci 
carious  teeth  increased  with  the  length  of  the  experiment  we  concluded  that  we 
could  not  develop  skill  in  brushing.  This  may  be  the  reason  we  could  nevor 
reduce  the  incidence  of  caries  to  zero. 

The  rats  swallowed  the  phosphate  rock  and  it  increased  the  fluorine  content 
of  the  enamel  of  their  molars  from  0.006  to  0.033%  and  the  dentin  of  their* 
molars  from  0.0069%  in  the  controls  to  0.08%  in  those  brushed  100  days.  The 
fluorine  content  of  the  enamel  of  the  incisors  increased  from  0.0047  to  0.014% 
and  of  the  dentin  from  0.0024  to  0.147%  and  their  hardness  increased  so  that 
they  wore  away  more  slowly  than  they  grew  in  length. 

A  litter  of  7  rats  was  divided  into  2  groups,  F  and  O.  After  21  days  each  rat 
of  group  F  had  its  teeth  brushed  with  and  ate  about  0.1  gram  rock  phosphate 
per  day  and  group  O  served  as  control.  Group  F  (1  male  and  2  females)  raised 
a  litter  of  young  whereas  group  O  (2  males  and  2  females)  had  none.  A  litter 
of  8  was  similarly  treated  and  Group  F  (1  male  and  3  females)  raised  3  litters 
whereas  Group  O  (1  male  and  3  females)  had  none. 
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It  appears  that  fluorine  is  necessary  in  the  diet  since  rats  raised  on  a  fluorine* 
free  diet  grown  by  hydroponics  lost  their  molar  teeth  down  to  the  gingivae  by 
caries  in  48  days  and  died  of  malnutrition  (13). 

litter  mates  had  to  be  used  for  controls  because  the  incid^ce  of  caries  is 
not  only  influenced  by  genes  but  also  by  the  diet  of  the  mother.  Rats  on  the 
low  fluorine  diet  so  seldom  reproduced  that  we  were  forced  to  use  rats  whose 
mothers  received  rock  phosphate,  sodium  fluoride  or  Purina  dog  chow  which 
contained  10  parts  per  million  of  fluorine  or  20  to  30  times  as  much  as  the  low 
fluorine  diet. 

BRUSHING  HUMAN  TEETH  WITH  POWDERS  CONTAINING  FLUORAPATITE 

The  teeth  of  150  medical  students  were  examined  for  dental  caries  in  the 
dental  clinic  of  Hahnemann  Hospital  and  the  results  tabulated  as  to  which 
teeth  (1-32)  were  involved.  Of  these  students,  40  were  ^ven  powdered  Ten¬ 
nessee  brown  rock  phosphate  (71.4%  fluorapatite)  and  told  to  brush  their  teeth 
with  it  daily.  The  first  specimens  of  powder  were  collected  by  H.  D.  Ruhm 
from  the  exhaust  ducts  of  the  mill  at  Mt.  Pleasant,  Tenn.,  and  99.9%  would 
pass  a  300  mesh  sieve.  When  this  fine  powder  was  exhausted,  100  lbs.  of 
powder,  85%  of  which  would  pass  a  300  mesh  sieve  (Ruhm’s  Lime  Phosphate) 
was  violently  agitated  in  a  barrel  of  water  and  allowed  to  settle.  Only  the 
top  layer  which  contained  less  of  the  coarser  particles  was  used.  This  rock 
phosphate  contained  3.77%  iron  and  was  unpleasant  to  some  students.  There¬ 
fore  an  iron-free  ‘synthetic  apatite*  was  prepared  consisting  of  hydroxyapatite 
with  a  surface  layer  of  fluorapatite  (total  fluorine  content  0.25%).  Thirty 
students  were  given  the  synthetic  toothpaste  and  told  to  brush  their  teeth 
with  it  daily.  At  the  end  of  a  year  the  teeth  of  the  students  were  re-examined 
and  the  new  caries  (developed  within  the  year)  tabulated.  The  40  receiving 
the  rock  phosphate  had  developed  0.5  new  cavities  per  man  per  year.  The  30 
receiving  the  synthetic  product  had  developed  0.57  new  cavities  per  man  per 
year  and  the  80  controls  had  developed  1.5  new  cavities  per  man  per  year. 

ON  THE  NON-TOXICITT  OF  SWALLOWED  FLUORAPATITB 

During  our  experiments  Dr.  H.  O.  Calvery,  Div.  of  Pharmacology,  U.  S. 
Food  and  Drug  Administration,  wrote  us  3  letters  claiming  that  fluorine  in 
excess  of  2  milligrams  per  day  is  a  cumulative  poison  and  is  fraught  with  danger. 
When  we  received  his  first  letter  we  were  each  taking  2.5  grams  of  rock  phos¬ 
phate  per  day  containing  77.5  milligrams  of  fluorine.*  We  did  not  stop  the 
experiment  but  after  3  weeks  reduced  the  daily  intake  to  1  gram  containing  31 
milligrams  of  fluorine.  For  3  dajrs  one  of  us  (F)  took  1.5  grams  of  rock  phos¬ 
phate  containing  46.5  milligrams  of  fluorine  per  day.  The  third  day  his  urine 
contained  9.2  milligrams  of  fluorine  and  his  feces  36.6,  making  a  total  of  45.8. 
His  food  and  drink  contained  1  milligram  of  fluorine,  therefore  his  intake  was 
47.6,  leaving  an  excess  of  only  1.7  milligrams  for  storage  in  bones  and  teeth. 

One  of  us  (M)  had  2  molars  extracted  before  taking  rock  phosphate  and  2 
molars  extracted  after  taking  1  gram  of  rock  phosphate  per  day  for  6  months. 
The  dentin  of  the  control  molars  extracted  before  the  experiment  contained 
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0.016  and  0.033%  fluorine.  The  molars  extracted  after  taking  a  total  of  183 
grams  of  rock  phosphate  (5.^  grams  of  fluorine)  contained  0.042  and  0.047% 
fluorine  in  the  dentin  indicating  some  storage.  There  was  a  maximum  of  11 
milligrams  per  day  of  fluorine  in  his  urine  but  the  feces  were  not  examined 
since  it  was  already  determined  that  most  of  the  fluorine  goes  out  in  the  feces 
and  the  exact  amount  is  made  impossible  to  determine  by  inability  to  mark  off 
the  feces  arising  from  one  day’s  intake.  We  analyzed  feces  of  7  persons  not 
taking  rock  phosphate;  the  average  was  0.08  mg.  per  person  per  day,  indicating 
that  practically  all  the  fecal  fluorine  after  taking  rock  phosphate  is  due  to  the 
latter  and  probably  represents  unabsorbed  fluorine.  In  fact,  Machle,  Scott 
and  Largent  (14)  found  only  0.039  milligrams  per  day  in  normal  stool  as  average 
for  6  months  experiment. 

For  a  year  each  of  us  swallowed  1  gram  per  day  of  rock  phosphate  containing 
31  milligrams  of  fluorine  and  for  3  years  more  one  of  us  (F)  swallowed  2  grams 
per  week.  The  other  (M)  for  3  years  more  swallowed  1  gram  per  day  of  syn¬ 
thetic  fluorapatite  containing  2.5  milligrams  of  fluorine.  Dr.  N.  Volney  Lud- 
wick  repeatedly  X-rayed  the  bones  of  our  hands  (and  in  1  instance  the  spme) 
in  comparison  with  aluminum  plates  1,  2,  3,  4  and  5  mm.  in  thickness.  No 
increased  density  or  exostoses  of  the  bones  were  observed. 

Brun,  Buchwald  and  Roholm  (15)  in  the  most  complete  study  of  fluorine 
poisoning  in  humans  state  that  human  osteosclerosis  is  produced  by  a  daily 
absorption  of  approximately  25  milligrams  of  fluorine  continuing  over  many 
years.  Wolff  and  Kerr  (16)  analyzed  the  bones  and  teeth  of  a  man  who  had 
worked  18  years  in  an  atmosphere  of  rock  phosphate  dust  that  was  3.88% 
fluorine,  in  a  superphosphate  plant.  The  bones  were  thicker  and  heavier  than 
normal,  had  chalky  white  areas  and  exostoses.  The  body  of  a  lumbar  vertd)i:a 
contained  0.7%  fluorine  and  the  teeth  0.1%  fluorine.  Since  at  least  25%  of 
the  fluorine  in  rock  phosphate  is  volatilized  on  the  addition  of  sulfuric  acid  to 
make  superphosphate  this  worker  may  have  breathed  in  some  hydroflumic 
acid.  Furthermore  he  may  have  acquired  some  fluorine  during  the  first  30 
years  of  his  life,  of  which  no  medical  history  is  given. 

Tea  is  highest  in  fluorine  of  any  food  that  has  come  to  our  attention.  It 
contains  about  0.05  to  1  mgm.  per  gram  and  90%  of  it  goes  into  the  infuaoo 
(17).  We  bought  some  tea  bags  on  the  open  market  and  analyzed  them  for 
fluorine.  They  contained  2.5  grams  of  tea  each  and  0.067  mgm.  of  fluorine 
per  gram.  A  liter  of  tea  made  from  tea  grown  (without  insecticide)  in  Augusta, 
Georgia,  contained  3  mgm.  of  fluorine.  A  native  bom  British  subject  stated 
that  a  Briton  might  drink  10  cups  of  tea  per  day.  This  might  contain  15 
mgm.  of  fluorine.  Clock,  Lowater  and  Murray  (18)  analyzed  ribs  of  English¬ 
men  and  found  that  the  fluorine  content  increased  with  age  and  Anally  reached 
0.3%.  Why  does  not  tlie  fluorine  in  tea  lower  the  incidence  of  dental  caries 
in  England?  One  suggestion  is  that  the  English  do  not  give  their  babies  tea 
and  the  other  is  that  1.5  mgm.  per  day  is  not  enough  to  lower  the  incidence  of 
dental  caries.  The  amounts  of  fluorine  used  to  prevent  dental  caries  in  ex¬ 
perimental  animals  are  far  in  excess  of  the  amounts  recommended  for  humans. 

In  an  attempt  to  determine  how  the  fluorine  gets  into  tea  we  planted  2  tea 
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plants  near  Philadelphia  but  they  did  not  live  long  so  we  planted  2  of  its  near¬ 
est  relative  (Camellia  japonica).  Dried  leaves  of  one  Camellia  grown  in  ordi¬ 
nary  soil  (Lansdale  silt  loam)  contained  0.01-0.12  mgm.  of  fluorine  per  gram 
wbereas  dried  leaves  of  one  Camellia  grown  in  this  soil  fertilized  with  the  Ten- 
nesee  brown  rock  phosphate  contained  0.4-1 .4  mg.  per  gram. 

McClure  (19)  found  no  deleterious  effects  of  fluorine  in  recruits  from  the 
repon  of  the  air  field  at  Lubbock,  Texas,  where  the  drinking  water  contained 
5.1  mgm.  of  fluorine  per  liter.  McClure  does  not  state  how  much  water  was 
drunk  per  day.  Allan  Hemingway,  in  charge  of  the  Laboratory  of  Biophysics, 
School  of  Aviation  Medicine,  Randolph  Field,  Texas,  wrote  us  May  17,  1945, 
that  each  man  drank  5-10  liters  of  water  per  day.  This  would  bring  the  in¬ 
take  of  fluorine  to  a  figure  which  if  continued  for  many  years,  according  to 
Roholm,  would  cause  osteosclerosis. 

Shrewsbury,  Hatfield,  Doyle  and  Andrews  (20)  fed  rock  phosphate  to  lambs 
•nd  attributing  all  its  effects  to  its  fluorine  content  found  that  6  mgm.  of  fluorine 
per  kilogram  body  weight  per  day  depressed  growth  and  produced  fluorosis  of 
the  teeth.  Goiter  was  also  prevented,  which  they  attributed  to  fluorine,  though 
we  believe  that  since  the  rock  phosphate  contained  10  parts  per  million  of 
iodine,  it  was  the  iodine  that  prevented  goiter.  The  senior  author  obtained 
2  twin  ewes  7  years  old  that  had  always  grazed  in  the  same  pasture.  One  of 
them  was  fed  2  grams  of  Tennessee  brown  rock  phosphate  containing  62  mgm. 
of  fluorine  per  day  in  the  form  of  a  sandwich.  At  the  end  of  a  year  both  were 
slaughtered  and  their  bones  and  teeth  examined  in  ultraviolet  light  which 
causes  a  more  intense  fluorescence  of  bones  after  fluorine  poisoning.  The 
fluorescence  of  the  bones  and  teeth  of  the  phosphate  fed  ewe  was  indistinguish¬ 
able  from  those  of  the  control.  The  crowns  of  8  molar  and  premolar  teeth  in 
the  upper  jaw  of  the  control  had  completely  worn  away  leaving  only  the  roots, 
^ce  we  found  that  phosphate  rock  decreased  the  wear  on  rats*  teeth  this 
isolated  instance  is  suggestive. 

CONCLUSIONS 

Brushing  rats’  teeth  daily  with  powdered  Tennessee  brown  rock  phosphate 
decreases  the  incidence  of  dental  caries  on  a  cracked  yellow  com,  skim  milk 
powder  diet. 

Except  for  the  mottling  of  developing  teeth,  the  toxicity  of  fluorine  is  greatly 
exaggerated.  Most  of  the  fluorine  in  rock  phosphate  is  imabsorbed  whra  it  is 
swallowed  by  humans.  There  were  less  new  caries  in  1  year  in  the  teeth  of 
medical  students  brushing  their  teeth  with  powdered  rock  phosphate  or  ‘syn¬ 
thetic  fluorapatite*  than  in  the  controb. 

APPENDIX  ON  PREPARATION  OF  “SYNTHETIC  FLUORAPATITE’^ 

Fluorapatite  waa  made  by  setting  up  a  6  gallon  crock  filled  with  distilled  water  and 
fitted  with  an  electric  stirrer.  Equivalent  quantities  of  calcium  hydroxide  solution  (lime 
water),  phosphoric  acid  and  sodium  fluoride  solution  were  added  drop  by  drop  from  3  bu- 
iwttee  so  as  to  correspond  to  the  formula  CaFt(CaaPtO«)i.  The  precipitate  had  to  be  sepa- 
raied  by  means  of  the  centrifuge. 

4n  easier  way  to  prepare  the  toothpaste  directly  in  4  ounce  jars  (100  or  so  at  a  time)  was 
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aa  follows  for  eacli  jar:  A  4  ounce  glass  jar  was  loosely  filled  with  36  grains  of  hydroxyapa* 
tite  (calcium  phosphate,  tertiary,  precipitated,  U.S.P.)>  This  is  not  labeled  “apatite'* 
when  it  is  made  by  precipitation  and  not  heated  above  110*  C.,  it  retains  the  apatite  crsrstal 
lattice  and  the  OH  ions  of  the  formula  are  derived  from  the  water.  Ten  cc.  of  a  mixture 
of  equal  parts  of  alcohol  and  glycerine  plus  20  milligrams  of  menthol  or  thymol  were  added 
a  little  at  a  time  from  a  burette.  From  another  burette  10  cc.  of  2%  sodium  fluoride  wu 
added,  the  cap  was  screwed  on  and  the  jar  shaken.  The  function  of  the  alcohol  is  to  wet  the 
dry  powder  more  easily,  the  glycerine  to  prevent  evaporation  and  the  menthol  or  thymol 
to  prevent  the  growth  of  mold.  The  fluoride  entirely  disappears  from  solution  and  it  ia 
believed  that  the  hydroxyapatite  takes  up  the  fluoride  ions  by  a  process  known  to  geologists 
as  secondary  enrichment.  A  common  example  is  the  formation  of  dolomite  from  limcetone 
in  contact  with  water  containing  magnesium  ions.  One  magnesium  ion  replaces  one  cal¬ 
cium  ion  in  the  limestone.  In  a  similar  manner  one  fluoride  ion  replaces  one  hydroxyl  ion 
in  the  hydroxyapatite.  Gruner,  McConnell  and  Armstrong**  have  figured  a  unit  cell  of  the 
apatite  crystal  lattice  indicating  the  positions  where  fluorine  can  substitute  for  hydrox]d 
ions.  In  their  figure  all  these  positions  are  occupied  by  fluorine  ions. 

Several  persons  prefer  Ruhm’s  lime  phosphate  made  by  Ruhm  Phosphate  and  Chemical 
Co.,  Mt.  Pleasant,  Tenn.  It  has  been  heated  to  IDOOT  and  altho  sold  as  fertilizer,  it  ii 
sterile. 
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A  NOTE  ON  THE  MECHANISM  OF  FLUORIDE  FIXATION* 

MARLENE  FALKENHEIM  and  HAROLD  C.  HODGE 

from  the  Department  of  Biochemielry  and  PharmaeotoQy,  Univereity  of  Rocheeter  School  of 
Medicine  and  Dentietry  Rocheeter,  N.  Y. 

Experimental  evidence  has  been  offered  by  Ercoli  (1)  to  support  the  hypothesis 
that  fluoride  replaces  phosphate  when  a  calcium  phosphate,  such  as  bone,  is 
exposed  to  a  fluoride  solution.  Several  additional  facts  are  known  about  the 
reaction  between  fluoride  in  solution  and  powdered  bone.  First,  fluoride  is 
rapidly  removed  from  solution  and  firmly  bound  by  a  solid  calcium  phosphate 
(2).  Second,  the  removal  of  fluoride  from  water  by  bone,  dentin,  enamel,  or 
synthetic  hydroxylapatite  is  a  surface  limited  reaction  described  by  the  Freund- 
lich  adsorption  isotherm  (2, 3).  Third,  samples  of  powdered  hard  tissues  exposed 
to  fluoride  ions  exhibit  thereafter  a  sharply  reduced  solubility  in  certain  acid 
buffers  (4).  This  effect  has  been  attributed  to  a  fixation  of  the  calcium  as 
CaFt  and  its  retention  in  the  powder  particles  even  though  phosphate  has  been 
liberated  into  the  solution  (5).  The  present  experiment  did  not  test  this  aspect 
of  the  reaction  but  was  designed  to  determine  whether,  at  or  near  neutrality 
where  dissolution  processes  are  not  important,  fluoride  fixation  by  powdered 
bone  simultaneously  released  phosphate  into  the  solution. 

Powdered  bone  marked  with  Pn  was  prepared  by  exposing  50  mg.  samples  of 
60  mesh  powder  to  solutions  of  approximately  10"*  M  NaiHF04  containing 
1000  cpm  of  Pn  per  1.6  mg.  of  Pn.  This  procedure  permitted  Pu  from  the  solu¬ 
tion  (and  Pit  from  the  solution)  to  exchange  with  some  of  the  Pn  of  the  solid 
and  thus  to  produce  a  marked  or  tagged  bone  phosphate.  There  are  good 
grounds  for  believing  that  only  the  surface  P«i  atoms  of  the  bone  crystals  took 
part  in  this  reaction  and  that  the  ‘crystals’  are  not  the  60  mesh  bone  particles 
but  rather  the  submicroscopic  crystals  of  hydroxylapatite  whose  average  length 
if  of  the  order  of  10"*  cm. 

The  Pit  adsorbed  on  bone  particles  in  this  maimer  was  readily  removed  or 
desorbed  by  reversing  the  procedure;  i.e.,  by  placing  tagged  bone  powder  in  the 
same  concentration  of  NasHPOi  solution  but  one  which  contained  initially  no 
Pa.  As  is  shown  in  fig.  1,  the  Pn  rapidly  exchanged  so  that  in  an  hour  most  of 
it  had  left  the  bone  and  was  in  the  solution.  This  did  not  represent  an  end 
state,  the  Pa  was  now  in  a  new  quasi-equilibrium,  distributed  between  solid  and 
solution.  Replacement  of  the  solution  now  containg  Pa  by  a  fresh  sample  of 
NatHPO*  solution  (unmarked)  promptly  resulted  in  a  further  exchange  of  Pa 
and  a  further  decrease  of  the  Pa  content  of  the  bone  until  another  quasi-equi¬ 
librium  was  reached.  This  process  was  repeatedly  carried  out  as  shown  in  fig.  1. 

*  ReceiTsd  for  publication  March  18, 1947. 
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Pig.  1.  Desorption  of  Ptt  From  Bone.  Bone  marked  with  Pn  and  therefore  originally 
containing  100%  of  the  Pm  when  placed  in  a  solution  of  10~*  M  NaiHPO^  solution  for  a  period 
up  to  8  hours  lost  more  than  half  of  the  Pm  adsorbed  in  a  1-hour  period  (Curve  I).  If  at  tfas 
end  of  2  hours  a  fresh  solution  was  used,  additional  loss  of  P^t  occurred  (Curve  II).  When 
this  process  was  repeated  (Curves  III  and  IV),  additional  amounts  of  Pn  were  removed. 

In  preparing  marked  bone  samples  it  was  necessary  to  choose  some  standard 
time  for  the  initial  adsorption  exposure  because  increasing  the  length  of  adsorp* 
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tion  time  decreased  the  amount  of  P32  desorl)ed  in  a  given  time  (Jig.  2).  Since  a 
large  fraction  of  the  P32  which  would  lie  adsorbed  in  10  days  had  already  ex¬ 
changed  even  in  a  1  hour  adsorption  exposure,  the  latter  time  was  chosen  for  the 
fluoride  tests. 

A  general  description  of  the  experimental  methods  has  l)een  published  before 
(3).  The  principal  modifications  used  in  this  study  were  those  enabling  adsorp¬ 
tion  and  desorption  exposures  to  be  carried  on  for  several  days.  In  an  open 
centrifuge  tube  at  40°  C,  considerable  evaporation  wcurred  in  a  few  hours  so 
that  for  longer  experiments  some  sort  of  closed  tube  arrangement  was  required. 


Fig.  2.  Desorption  of  Pu  From  Bone  .\fter  Various  .Adsorption  Periods.  When  the  bone 
was  exposed  for  1  hour  to  a  solution  containing  IV*  inXa.IIPOi  and  then  a  desorption  pro¬ 
cedure  was  carried  out,  the  lowest  curve  was  obtained.  When  the  adsorption  period  was 
increased  to  2  hours,  less  Pjj  was  desorl>ed  in  a  given  time.  Adsorption  exposures  for  2 
days  or  for  10  days  further  decreased  the  rate  at  which  «lesorption  occurred. 

The  scheme  finally  employed  kept  the  useful  feature  of  using  a  centrifuge  tube 
as  a  container.  These  tubes  were  placed,  10  per  group,  in  specially  built  holders 
in  which  the  hinged  top  maintained  a  firm  pres.sure  against  the  rubber  stoppers 
thus  pre.ssing  the  tubes  tightly  into  large  cork  stoppers  serving  as  individual 
bases  for  the  tubes  (fig.  3).  A  cork  ring  around  the  upper  portion  of  each  tube 
held  the  tube  from  rattling.  To  maintain  the  .selected  temperature  of  40°  C'., 
the  shaking  machine  was  placed  in  a  thermostatically  controlled  room.  The 
shaker  provided  an  end  to  end  rotation  of  the  tubes  several  times  per  minute 
(Jig  4)-  fine  long  side  of  the  shaker  was  hinged  and  could  easily  be  opened  to 
place  tiilie  racks  in  position.  These  procedures  gave  a  satisfactoiy’  reproduci¬ 
bility. 


Fig.  S.  Holders  for  centrifuge  tulies.  The  50cc.  centrifuge  tubes  were  mounted  in  frames. 
Vibration  was  restricted  by  suitably  prepared  corks.  Rubber  stoppers  were  held  in  place 
by  the  hinged  lids. 


Fig.  4-  Shaking  Machine.  The  centrifuge  tubes  in  their  holders  were  placed  in  the  shak¬ 
ing  machine  which  slowly  rotated  the  tubes  end  for  end.  The  shaking  machine  was  in¬ 
stalled  in  a  room  thermostatically  controlled  at  40°C. 
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When  tagged  bone  powder  was  exposed  to  a  solution  containing  1  part  in  a 
thousand  of  NaF,  no  more  P«s  was  released  to  the  solution  than  occurred  when 
Buch  a  sample  was  exposed  to  distilled  water  (Jig.  6).  Treatment  with  1:1000 
NaF  solution  will  reduce  the  acid  solubility  of  powdered  bone  by  nearly  one-half 
(under  specified  conditions)  so  that  fluoride  undoubtedly  was  fixed  by  the  bone. 
There  is  no  evidence  that  this  fixation  was  a  simple  exchange  with  phosphate; 
in  fact,  almost  certainly  phosphate  exchange  was  not  the  mechanism  of  fluorine 
adsorption. 

Since  so  little  phosphate  was  removed  by  distilled  water  or  by  1 : 1000  NaF 
solution,  the  suggestion  was  made  that  perhaps  the  fluoride  might  accelerate  or 
increase  Pu  exchange  from  bone  to  solution  when  a  large  amount  of  phosphate 


Fig.  6.  Pu  Desorption  in  Various  Solutions.  At  the  left  the  adsorption  of  ?»  by  pow* 
dered  bone  is  indicated  by  the  rising  curve.  After  1  hour  adsorption,  the  ?»  marked  bone 
was  exposed  for  time  periods  as  indicated  to  distilled  water  and  to  a  1:1000  NaF  solution, 
respectively.  The  rates  of  desorption  of  Pn  were  practically  identical.  In  other  exper¬ 
iments,  the  marked  bone  was  placed  in  a  solution  of  10~*  M  Na2HP04  and  a  solution  of  the 
same  concentration  of  phosphate  containing  in  addition  1:1000  NaF,  respectively.  Again 
the  rates  of  desorption  of  Pu  were  practically  identical. 

was  exchan^g.  Accordingly  marked  bone  samples  were  exposed  to  solutions 
containing  10~*  M  NajHP04  plus  1 : 1000  NaF.  Under  these  circumstances,  no 
more  Pn  (and  no  less)  went  from  bone  to  solution  than  when  the  powdered  bone 
was  treated  with  phosphate  solution  containing  no  fluoride. 

Gerould  has  recently  (6)  suggested  that  the  topical  application  of  soluble 
fluorides,  specifically  sodium  fluoride,  produced  insoluble  calcium  fluoride,  a 
soluble  sodium  phosphate  and  probably  some  sodium  hydroxide.  Gerould 
stated  that  ‘‘the  experiments  with  the  pulverized  enamel  indicate  that  at  least 
part  of  the  soluble  reaction  products  are  leached  out  during  the  washing  proc¬ 
ess”.  If  such  a  reaction  had  occurred  under  the  conditions,  of  our  experiment 
it  seems  plausible  that  phosphates  should  appear  in  the  solution  in  greater 
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amounts  than  was  observed.  It  is  not  doubted  that  Gerould  produced  a  layer 
of  calcium  fluoride  on  powdered  enamel  exposed  to  4%  sodium  fluoride  solution; 
the  mechanism  of  this  reaction  may  or  may  not  be  the  same  as  the  mechanism  of 
the  reaction  which  we  carried  out.  The  failure  to  find  additional  phosphate  in 
the  solution  in  our  experiments  raises  some  doubt  as  to  the  interpretation  of 
fluoride  deposition  offered  by  Gerould. 

BUMBIART 

1.  When  powdered  bone  samples  marked  with  Pw  were  exposed  to  neutral 
aqueous  solutions  containing  fluoride  ions,  fluoride  was  fixed  by  the  bone. 
The  mechanism  of  fluoride  adsorption  probably  does  not  involve  exchange 
with  phosphate  since  no  more  Pu  w'ent  from  bone  to  solution  than  was  found  in 
the  absence  of  fluoride  ions. 
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A  STUDY  OF  THE  ACTION  OF  ANTIBIOTICS  IN  VITRO  ON 
MICROORGANISMS  ISOLATED  FROM  ROOT  CANALS^ 

R.  S.  TULACEK  and  E.  B.  TILDEN 

Prom  th$  DtparimmU  of  Oral  Pathology,  Oral  Surgtry,  and  BaeUriology,  NorthiwuUm 
Univornty  DerUal  School,  Chicago,  III. 

Several  reports  have  appeared  on  the  treatment  of  infected  root  canals  with 
penicillin.  The  earlier  workers  fShaw,  Sprawson  and  May  (1),  and  Grossman 
(2, 3)1  recognized  that  they  had  used  too  small  a  dose  and  explained  unfavorable 
results  on  that  basis.  Buchbinder  (4)  used  paper  points  which  he  calculated 
had  soaked  up  1 ,000  to  2,000  units  of  penicillin,  or  he  injected  oil  containing 
100,000  units/ml.  directly  into  the  canal  with  a  syringe.  In  33  of  36  cases 
treated,  cultures  from  the  canal  became  negative,  though  he  was  unable  after 
24  hours  to  demonstrate  any  penicillin  in  dressings  which  had  originally  con¬ 
tained  1,000  units.  Stewart  (5)  forced  penicillin  into  the  canal  with  a  syringe, 
using  solutions  containing  20,000  to  80,000  units  in  each  milliliter  and  keeping 
as  much  of  it  as  possible  in  the  canal  between  sittings  by  packing  with  cotton 
and  sealing  with  zinc  oxide  and  eugenol.  A  hundred  patients  (112  teeth)  were 
treated,  and  cultures  from  the  canal  were  negative  after  2  or  3  treatments  in  all 
but  2  cases.  Stewart  did  not  regard  infiltrating  above  the  apex  to  be  necessary. 
In  Bender’s  series  (6)  of  53  cases,  the  canal  w'as  negative  on  culture  in  70% 
of  the  cases  after  one  treatment.  The  treatment  was  accomplished  by  flooding 
the  canal  by  means  of  a  syringe  and  needle  with  25,000  to  50,000  units  several 
times  during  one  sitting.  He  used  both  brain  heart  infusion  and  sodium  thio- 
glycollate  broth  as  culture  media  and  added  clarase  to  inactivate  any  penicillin 
remaining  at  the  time  the  culture  was  made. 

Potkin  (7)  used  paper  points,  adding  just  enough  water  to  100,000  units  of 
penicillin  to  be  completely  absorbed  by  200  paper  points,  hence  each  point 
represented  a  dose  of  500  units.  Unlike  Buchbinder,  Potkin  found  that  the  paper 
points  still  contained  enough  penicillin  to  inhibit  Staphylococcus  aureus  after 
they  had  been  in  the  canal  48  hours,  even  when  the  canal  was  putrescent.  Pot¬ 
kin  carried  out  a  series  of  laboratory  experiments  in  which  he  compared  the 
inhibitory  action  of  the  paper  points  which  were  saturated  with  500  units  of 
p^cillin  and  points  which  had  absorbed  2  drops  of  various  medicaments  such 
as  beechwood  creosote  and  eugenol,  using  Staphylococcus  aureus  as  test  organism. 
From  his  photographs  it  appears  that  the  penicillin  point  was  as  inhibitory 

'The  greater  part  of  the  data  here  reported  ia  taken  from  the  thesis  submitted  by  the 
senior  author  in  partial  fulfillment  of  the  requirments  for  the  degree  of  Master  of  Science 
b  Dentistry,  Northwestern  University,  1946.  Presented  to  the  Chicago  Section,  Inter* 
national  As^iation  for  Dental  Research,  March  28, 1947.  Received  for  publication  April 
16,1947. 
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as  the  best  of  the  medicaments  and  more  so  than  most  of  them.  Moreover, 
penicillin  and  beechwood  creosote  were  apparently  not  incompatible;  in  fact, 
the  mixture  was  more  inhibitoiy  to  Staphylococcus  aureus  than  either  alone. 
Pear  (8)  tested  both  penicillin  and  streptomycin  solutions,  found  that  the  two 
were  not  incompatible,  and  reported  excellent  results,  on  the  basis  of  culture. 
In  34  cases  treated  with  penicillin  Solution  (5,000  units,  injected  ‘‘at  or  through 
the  foramen”)*  all  except  4  were  negative  after  1  to  4  treatments,  and  Gram¬ 
negative  rods  were  present  in  these  four.  In  24  cases  treated  with  streptomycin 
(aqueous  solution  containing  20,000  units/ml.),  all  were  negative  on  culture  after 
3  treatments  or  less. 

Some  of  the  workers  just  quoted  have  attempted  to  estimate  the  effect  of 
the  antibiotic  employed,  using  for  this  purpose  impure  cultures  of  oral  bacteria. 
Grossman  collected  mouth  washings  in  broth  and  inoculated  plates  of  serum 
agar,  then  measured  the  zones  of  inhibition  of  growth  in  areas  about  cylinders 
of  penicillin  solution  used  as  in  the  Oxford  method  of  assay.  Buchbinder  plated 
cultures  from  the  canal  on  brain  heart  agar  and  tested  them  with  discs  of  blotting 
paper  wet  with  penicillin  solutions.  We  chose  to  isolate  the  microorganisms 
in  pure  culture  and  test  them  individually  by  standard  methods  for  their  sensi¬ 
tivity  to  penicillin  and  streptomycin,  using  standard  strains  of  Staphylococcus 
aureus  and  Escherichia  coli  as  controls  in  each  test.  We  found,  as  have  others 
before  us  (9),  that  the  streptococci  were  the  most  frequently  encountered  micro¬ 
organisms  in  the  root  canal,  as  elsewhere  in  the  oral  cavity.  The  mode  of  en¬ 
trance  of  these  organisms  into  the  vital  pulp  has  given  rise  to  much  speculation 
and  controversy  (10-15). 

Bacteria  have  not  been  found  to  be  sensitive  to  antibiotics  in  vivo  if  they 
have  shown  themselves  to  be  resistant  in  vitro,  hence  a  study  of  susceptibility 
of  bacteria  in  vitro  is  ordinarily  regarded  as  essential  to  provide  a  sound  baas 
for  clinical  use  and  to  estimate  the  dosage  required  (16).  Although  penicillin 
and  streptomycin  are  relatively  non-toxic,  as  compared  with  other  chemothera¬ 
peutic  agents,  their  use  in  suboptimal  doses  may  defeat  the  very  purpose  for 
which  they  are  used,  by  permitting  the  microorganisms  at  w'hich  they  are  aimed 
to  become  accustomed  to  them,  gradually,  until  the  amounts  required  to  inhibit 
them  in  vivo  are  beyond  those  which  can  be  attained  (17,  18).  Moreover, 
h3q>ersensitiveness  to  penicillin  is  not  unknown  (19, 20),  and  its  use  in  infections 
against  which  it  cannot  be  expected  to  be  effective  may  serve  only  to  sensitiae 
the  patient,  so  that  in  subsequent  emei^encies  he  will  have  to  be  denied  treat¬ 
ment  with  penicillin  because  of  his  acquired  hypersensitiveness  to  it. 

METHODS  , 

Among  patients  referred  for  root  canal  therapy  to  the  Department  of  Oral 
Pathology,  35  were  selected  who  represented  a  fair  distribution  of  various  condi¬ 
tions,  from  simple  carious  exposures  to  putrescent  pulps.  Two  cultures  were 
taken  from  patients  referred  to  the  Oral  Surgery  Department  when  root  canal 
therapy  was  not  feasible. 

Culture  technique.  After  the  tooth  in  question  was  anesthetized  by  the  in- 
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filtration  or  block  method,  the  field  of  operation  was  isolated  by  a  rubber  dam, 
and  the  tooth  and  surrounding  area  were  swabbed  with  75%  alcohol  and  then 
punted  with  3%  tincture  of  iodine.  All  instruments  used  for  excavation  and 
enlargement  of  the  pulp  chamber,  including  chisels,  excavator  spoons,  burs, 
broaches,  and  cotton  forceps,  were  kept  in  individual  glass  containers  in  which 
they  had  been  sterilized  by  dry  heat  at  180®C.  for  1 hours  and  were  not  exposed 
to  air  until  immediately  before  use.  The  cotton  pellets  and  paper  root  canal 
points  were  autoclaved  in  tubes  stoppered  with  nonabsorbent  cotton,  and  the 
same  aseptic  precautions  were  observed  in  their  use. 

The  extirpated  content  of  the  root  canal  was  dropped  into  a  tube  containing 
10  cc.  of  fluid  thioglycollate  medium  (21)  in  order  to  accomodate  the  growth  of 
anaerobic  as  well  as  aerobic  bacteria.  A  paper  root  canal  point  was  introduced 
into  the  canal  just  long  enough  to  absorb  some  of  the  exudate  and  accumulation 
(rf  blood  following  the  extirpation,  and  this  was  implanted  in  a  second  tube 
of  thi(^ycollate  broth.  In  putrescent  pulp  conditions,  when  mixed  cultures 
were  expected,  duplicate  points  and  tubes  were  used.  The  cultures  were  incu> 
bated  for  24  to  48  hours  at  37®C. 

The  bacterial  growths  obtained  were  streaked  out  on  blood  agar  plates,  which 
were  incubated  both  aerobically  and  anaerobically,  anaerobic  conditions  being 
obtained  by  the  use  of  the  Bray  plate  (22).  Once  a  pure  culture  was  isolated, 
it  was  identified  as  to  genus,  and  further  identification  was  postponed  imtil 
tests  of  susceptibility  to  the  antibiotics  had  been  made. 

Test  for  sensitivity  to  penicillin.  The  calcium  salt  of  penicillin  was  supplied 
by  Schenley  Laboratories,  through  Prof.  C.  J.  Farmer,  of  the  Northwestern 
University  Medical  School,  in  vials  of  200,000  units.  The  serial  dilution  method 
was  used,  and  brain  heart  infusion  broth  was  used  for  the  solutions  of  penicillin, 
the  serial  dilutions,  and  the  cultures,  except  in  the  case  of  the  diphtheroids, 
which  grew  well  only  on  veal  infusion  broth.  Difco  brain  heart  infusion  broth, 
which  contmns  0.2%  dextrose,  proved  entirely  suitable  for  the  test. 

The  concentration  of  penicillin  in  the  first  tube  of  each  series  was  10  units 
in  5  cc.  (When  unexpectedly  high  resistance  was  encountered,  repetition  of  the 
tests  was  carried  out  with  a  series  beginning  with  50  units  in  5  cc.)  Each  suc¬ 
cessive  tube  of  the  series  contained  half  as  much  penicillin  as  the  preceding  one, 
and  the  last  (11th)  tube  contained  0.009  units.  The  tubes  were  inoculated  with 
0.2  cc.  of  a  24  hour  culture,  the  turbidity  of  which  corresponded  roughly  to  that 
(rf  Tube  2  or  Tube  3  of  the  McFarland  nephelometer  (600  million  to  1  billion 
bacteria  in  1  cc.).  A  parallel  test  was  set  up  each  time  with  Staphylococcus 
oweus,  the  standard  “H”  strain,  obtained  through  the  courtesy  of  the  Depart¬ 
ment  of  Bacteriology  of  the  Northwestern  University  Medical  School.  Readings 
<rf  growth  inhibition  were  recorded  after  an  incubation  period  of  24  hours. 

Test  for  sensitivity  to  streptomycin.  The  streptomycin  was  supplied  by  the 
Schenley  Laboratories  through  Prof.  Farmer,  who  also  gave  us  a  sample  of 
Btandard  streptomycin  obtained  from  the  Food  and  Drug  Administration. 
The  agar  streak  method  (23)  was  used,  with  minor  modifications  as  to  the  number 

plates  and  units  and  the  type  of  culture  medium.  The  cultures  were  grown 
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on  heart  infusion  broth  except  the  diphtheroids,  which  were  grown  on  veal 
infusion  broth,  and  the  agar  used  for  the  test  was  heart  infusion  agar  or  veal 
infusion  agar.  Seven  dilutions  of  streptomycin  were  prepared,  (in  heart  in¬ 
fusion  broth  except  for  the  testing  of  diphtheroids),  as  follows: 

1000  units  in  1  cc. 

500  units  in  1  ce. 

250  units  in  1  cc. 

150  units  in  1  cc. 

100  units  in  1  cc. 

50  units  in  1  cc. 

10  units  in  1  cc. 

A  series  of  7  Petri  plates  received  the  dilutions,  1  cc.  in  each  instance,  and  an 
eighth  plate  1  cc.  of  broth  without  streptomycin.  The  infusion  agar  was  added 
in  a  quantity  of  9  cc.,  so  that  the  final  concentration  of  streptomycin  in  each 
1  cc.  of  agar  in  the  plate  was  100,  50, 25, 15, 10,  5  and  1  units.  Each  plate  was 
marked  into  sectors,  usually  6,  so  that  several  bacteria  could  be  tested  on  a  sin^e 
plate.  One  sector  of  each  plate  was  resci^'ed  for  inoculation  with  a  standard 
culture  of  E.  colt  communis  of  typical  reactions,  furnished  by  the  Department 
of  Medical  Bacteriology.  Three  successive  streaks  were  made  in  a  given  sector 
without  recharging  the  loop.  The  results  were  recorded  after  an  incubation 
period  of  24  hours  at  37*C.  The  control  plate,  without  streptomycin,  was 
inoculated  in  the  same  way  as  the  other  seven  plates. 

RESULTS  OF  SENSITIVITY  TESTS 

The  total  number  of  microorganisms  isolated  was  43,  of  which  20  were  strep¬ 
tococci,  1  beta,  15  alpha,  and  4  gamma.  One  pneumococcus  was  obtained, 
one  Gram-negative  rod,  and  one  yeast.  Several  cultures  of  staphylococci  (all 
S.  aJUbus)  and  micrococci  were  isolated,  3  diphtheroids,  and  7  lactobacilli.  The 
cultures  grown  under  anaerobic  conditions  proved  later  to  be  facultative  ana¬ 
erobes  and  were  thereafter  grown  aerobically.  Eight  cultures  of  alpha  strepto¬ 
cocci  in  the  collection  of  the  Dental  Bacteriology  Department,  all  of  which  had 
been  isolated  from  dental  infections,  were  also  studied  (alpha  18  to  alpha  25). 

The  tests  for  sensitivity  to  the  antibiotics  are  recorded  in  Tables  I  and  II. 
There  was  no  correlation  between  sensitivity  to  penicillin  and  sensitivity  to 
Btreptomycin.  In  comparing  the  figures,  it  should  be  noted  that  the  unit  of 
penicillin  is  equal  in  terms  of  dry  weight  to  0.6  microgram,  while  1  unit  of  strep¬ 
tomycin  is  equal  to  1  microgram. 

Among  the  streptococci  (Table  I),  the  highest  resistance  to  penicillin  waa 
shown  by  the  2  cultures  of  enterococci,  S.  liquefactens  (alpha  14)  and  S.  fecalis 
(alpha  18).  A  high  resistance  of  S.  fecalis  to  penicillin  was  recorded  by  MacNeal 
and  Blevin  (24),  who  obtained  their  cultures  from  the  blood  of  patients  with 
subacute  bacterial  endocarditis.  It  is  interesting  that  our  culture  of  <8.  fecalis 
was  4  times  as  resistant  as  any  of  our  other  streptococci,  both  to  penicillin  and 
streptomycin.  The  liquefadens,  on  the  other  hand,  was  moderately  susceptible 
to  streptomycin.  Hite  and  Hesseltine  (25)  also  report  resistance  of  enterococci 
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to  penicillin.  Three  cultures  of  S.  liquefaciena  subsequently  isolated  in  this 
laboratory  had  the  same  high  resistance  as  No.  14. 

TABLE  I 


OBGAKlSlfS  TBSTKD 

imtBrrtoN  bv  pbmi* 

CUJ  IN  UNITS  IN  1  CC. 

1  UNIT  m  0.6  NS> 

imiiBmoN  BV  rniKrto* 

MVCIN  UNITS  IN  1  CC. 

1  UNIT  —  1  MS* 

Slafhyiococeu*  aureu*  H.  Standard . 

0.062-0.125 

E.  eoli  communis  Standard . 

10  (15)» 

f  1  Alpha  streptococcus . 

0.125 

25 

12  Alpha  streptococcus . 

0.500 

10 

13  Alpha  streptococcus . 

0.500 

25 

f  4  Alpha  streptococcus . 

0.250 

10 

fS  Alpha  streptococcus . 

0.125 

25 

16  Alpha  streptococcus  (S.  bovis) . 

0.125 

25 

17  Alpha  streptococcus  (S.  bovis) . 

2.000 

10 

f  8  Alpha  streptococcus . 

0.250 

25 

f  0  Alpha  streptococcus . 

0.250 

25 

110  Alpha  streptococcus . 

0.062 

60 

ill  Alpha  streptococcus . 

0.125 

25 

112  Alpha  streptococcus . 

0.125 

60 

il3  Alpha  streptococcus . 

0.125 

IS 

114  Alpha  streptococcus  (S.  liquefaciens) . 

2.00  -2.50 

15 

115  Alpha  streptococcus . 

0.062 

25 

f  16  Alpha  streptococcus  (S.  salivarius) . 

2.000 

60 

il7  Alpha  streptococcus  (S.  mitis) . 

2.00  -2.50 

15 

|18  Alpha  streptococcus  (S.  fecalis) . 

10.0 

100 

il9  Alpha  streptococcus  (S.  equinus) . 

0.125 

50 

120  Alpha  streptococcus . 

0.062 

15 

f  21  Alpha  streptococcus . 

0.062 

15 

|22  Alpha  streptococcus . 

0.125 

25 

|23  Alpha  streptococcus  (S.  mitis) . 

0.C62 

15 

#24  Alpha  streptococcus  (S.  mitis) . 

0.062 

15 

f  25  Alpha  streptococcus . 

0.062 

6 

#1  Gamma  streptococcus . 

2.000 

10 

f  2  Gamma  streptococcus  (S.  bovis) . 

0.062 

25 

13  Gamma  streptococcus  (S.  bovis) . 

0.125 

10 

f  4  Gamma  streptococcus . 

0.125 

15 

15  Gamma  streptococcus . 

0.062 

15 

#1  Beta  streptococcus . . 

0.125 

15 

*  One  sample  of  streptomycin  was  used  in  most  of  the  tests,  and  10  units  of  this  sample 
inhibited  E.  colt.  For  the  tests  of  alpha  streptococci  18-25  and  lactobacilli  5-7  the  sample 
used  inhibited  the  standard  eoli  in  a  dose  of  15  units. 


Three  other  cultures,  one  of  which  proved  to  be  S.  aalivariva,  one  S.  mifta, 
and  one  S.  bovia,  showed  considerable  resistance  to  penicillin,  but  only  the  aali- 


L 


252 


R.  8.  TUIiACEK  AND  E.  B.  TILDEN 


varius  was  also  resistant  to  streptomycin.  Alpha  19  (S.  equinus)  was  susceptible 
to  penicillin  but  resistant  to  streptomycin.  Except  for  these  6  cultures,  the 


TABLE  II 

Susceptibility  oj  various  oral  microorganisms  to  penicillin  and  streptomycin 


OSGAKXSICS  ICSIID 

IMBIBmON  By  FKNl- 
enUK  UNITS  IN  1  CC. 

1  UNIT  —  0.6  NS- 

EiMiB 

Staphylococcus  aureus  H.  Standard . 

0.0G2-0.125 

B.  eoli  communis  Standard . 

10  (15)* 

f  1  Staphylococcus  albus . 

0.062 

5 

§2  Staphylococcus  albus . 

0.062 

10 

f  3  Staphylococcus  albus . 

0.062 

10 

#4  Staphylococcus  albus . 

0.062 

10 

f  5  Staphylococcus  citreus . 

0.062 

5 

Diplococcus  pneiunoniae . 

1.000 

25 

Gram  positive  coccus . 

10.0 

100 

f  1  Micrococciu . 

0.031 

10 

12  Micrococcus . 

0.062 

50 

ff  3  Micrococcus . 

0.125 

5 

f  4  Micrococcus  tetragenus . 

0.500 

5 

fl  Diphtheroid . 

0.500 

10 

#2  Diphtheroid . 

0.062 

15 

f  3  Diphtheroid . 

0.250 

10 

Gram  negative  rod . 

Not  inhibited 

10 

Nrtt  inhihifitH 

Wnt  inkiKitiyl 

f  1  Lactobacillus . 

3.00 

50 

f  2  Lactobacillus . 

2.50 

10 

1(3  Lactobacillus . 

2.50 

25 

1(4  Lactobacillus . 

5.00 

25 

f  5  Lactobacillus . 

2.50 

15 

f6  Lactobacillus . 

2.50 

25 

#7  Lactobacillus . 

2.50 

25 

Lactobacillus  acidophilus  ATCC . 

5.00 

10 

*  One  sample  of  streptomycin  was  used  in  most  of  the  tests,  and  10  units  of  this  sample 
inhibited  B.  eoli.  For  the  tests  of  alpha  streptococci  18-25  and  laetobacilli  5-7  the  sample 
used  inhibited  the  standard  eoli  in  a  dose  of  15  units. 


remaining  22  (i.e.,  the  great  majority  of  this  series  of  streptococci  of  oral  origin) 
proved  nearly,  if  not  quite,  as  susceptible  to  both  antibiotics  as  the  standard 
cultures  (staphylococcus  and  E.  colt  communis). 
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The  data  regarding  the  other  cultures  isolated  are  recorded  in  Table  II.  The 
staphylococci  and  the  micrococci  behave  like  the  standard  strain  of  staphylo¬ 
coccus  with  regard  to  penicillin,  and  the  staphylococci  were  also  susceptible 
to  streptomycin.  One  Gram  positive  coccus  (unidentified)  showed  a  rather 
high  resistance  to  both  antibiotics.  The  pneumococcus  (identified  as  such  by 
its  solubility  in  bile;  it  was  not  virulent  for  mice)  was  rather  resistant  to  peni¬ 
cillin.  The  Gram  negative  rod,  which  was  not  identified  with  certainty  (it 
is  perhaps  an  Alcaligenes),  though  resistant  to  penicillin,  was  as  susceptible  as 
E.  colt  to  streptomycin.  Only  the  yeast  was  not  inhibited  by  either  antibiotic 
in  the  highest  amounts  tested  (10  units  per  cc.  for  penicillin  and  100  units  per 
cc.  for  streptomycin). 

The  sensitivity  of  lactobacilli  to  penicillin  is  not  clearly  defined  in  the  litera¬ 
ture  (26,  27,  28).  Our  cultures  proved  to  be  resistant,  as  compared  with  the 
standard  staphylococcus.  No.  4,  for  example,  was  not  inhibited  by  less  than 
5  units  of  penicillin  in  1  ml.,  and  the  least  resistant  cultures  required  2.5  units/ 
ml.  The  lactobacilli,  then,  were  20  to  40  times  as  resistant  to  penicillin  as  the 
standard  staphylococcus.  Their  resistance  to  streptomycin  was  moderate, 
with  one  exception.  No.  1,  which  was  not  inhibited  by  less  than  50  units/ml. 
A  standard  lactobacUlus  culture  obtained  from  the  American  Type  Culture 
Collection  showed  a  high  resistance  to  penicillin,  5  units/ml.  being  required 
for  inhibition,  but  it  was  as  susceptible  to  streptomycin  as  the  standard  E. 
coli. 

In  order  to  compare  the  action  of  penicillin  on  mixed  cultures,  4  organisms, 
all  obtfuned  from  the  root  canal  of  1  patient,  were  introduced  into  a  test  tube 
m  equal  amounts,  and  0.2  cc.  of  the  mixture  inoculated  into  a  series  of  dilutions 
of  penicillin.  Inhibition  was  achieved  by  less  than  2  units  of  penicillin  in  1  cc. 
The  cultures  used  were  alpha  streptococcus  16  (S.  salivarius)^  a  micrococcus,  a 
pneumococcus,  and  a  diphtheroid  (Table  III). 

Another  type  of  test  with  mixed  organisms  was  done  with  Lactobacillus  No. 
1  andStreptococcus  No.  15, 0.2  cc.  of  themixture  of  the2  cultures  beinginoculated 
into  a  series  of  dilutions  of  penicillin  beginning  with  20  units  per  cc.  Even 
in  the  first  tube,  growth  was  not  completely  inhibited.  A  series  carried  out 
with  Lactobacillus  No.  2  and  alpha  streptococcus  No.  17  (S.  mitis)  gave  similar 
results.  The  pH  of  the  control  tube  inoculated  with  lactobacillus  and  strep¬ 
tococcus  was  6.7  after  72  hours,  hence  the  fall  in  pH  was  not  suflScient  to  account 
for  the  reduced  activity  of  the  penicillin  (29).  The  tests  were  repeated,  but  the 
series  was  started  with  1,000  units  of  penicillin  in  a  volume  of  5  cc.,  or  200  units 
per  cc.,  and  a  control  series  was  added  with  the  standard  lactobacillus  and  S. 
mitis.  With  the  latter  cultures  inhibition  of  both  organisms  occurred  with  50 
units  per  co.,  and  subcultures  yielded  negative  results,  but  200  units  were  re¬ 
quired  for  lactobacillus  No.  2  in  combination  with  streptococcus  No.  15.  It 
appears,  therefore,  that  certain  combinations  of  bacteria,  such  as  may  be  present 
in  the  oral  cavity,  may  be  more  resistant  to  penicillin  than  the  pure  cultures 
the  individual  organisms. 
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IDENTIFICATION  OF  LACTOBACILU  AND  STREPTOCOCCI 

The  lactobacilli,  besides  being  checked  on  tomato  agat  plates  for  t3rpical 
colony  and  microscopic  morphology,  were  grown  on  2%  dextrose  broth  and  the 
final  pH  checked  after  a  period  of  incubation  of  12  days.  All  gave  a  final  pH 
of  3.6. 

The  beta  streptococcus  was  tested  with  sera  of  Groups  A,  B,  and  C,  with 
negative  results.  Other  group  sera  were  not  available. 

A  good  number  of  our  cultures  of  non-hemol3d.ic  streptococci  were  not  rea^y 
identified  as  to  species.  We  used  the  criteria  laid  down  in  Sherman’s  mono¬ 
graph  (30).  In  Table  IV  are  recorded  the  reactions  of  11  cultures  which  we 
were  able  to  identify,  together  with  the  reactions  of  standard  cultures  as  recorded 
by  Sherman.  The  reactions  of  the  remaining  cultures  are  recorded  in  Table  V. 

TABLE  III 

Aeliem  of  penicillin  on  mixed  culturee 


Inhibition  of  these  organisms  occurred  at  2  units  per  cc.  of  penicillin 


There  was  no  inhibition  even  at  20  units  per  cc.  of  penicillin 


There  was  no  inhibition  even  at  20  units  per  cc.  of  penicillin 

As  has  been  stated,  the  original  cultures  of  thioglycollate  medium  were  plated 
out  on  5%  rabbit  blood  agar  and  single  colonies  transferred  to  Difco  brain  heart 
infusion  made  semisolid  with  0.15%  agar.  The'  latter  medium  is  favorable 
to  the  multiplication  of  both  streptococci  and  lactobacilli,  and  it  was  found  that 
a  few  lactobacilli,  which  might  be  easily  overlooked,  could  eventually  overgrow 
the  streptococci,  probably  because  of  a  fall  in  pH  incompatible  with  continued 
life  of  the  latter.  This  situation  developed  in  the  case  of  3  cultures  which  ap¬ 
peared  to  be  pure  cultures  of  streptococci  when  first  tested  (alpha  2  and  3,  and 
gamma  1 ) .  After  storage  in  the  refrigerator  for  2  months,  with  1  or  2  subcultures 
during  that  period,  streaking  on  blood  agar  showed  less  marked  greening  in  the 
case  of  the  2  alpha  streptococci,  and  all  3  cultures  were  found  to  be  practically 
pure  cultures  of  lactobacilli,  giving  a  final  pH  of  3.6  in  2%  glucose  broth.  It 


0.2  cc.  of  this  mixture  inoculated  into  a 
series  of  tubes  of  penicillin  broth 


Equal  amounts  of : 

Lactobacillus  #2 

Alpha  streptococcus  ft  17  (S.  mitis) 


0.2  cc.  of  this  mixture  inoculated  into  a 
series  of  tubes  of  penicillin  broth 


Equal  amounts  of: 
Lactobacillus  XI 
Alpha  streptococcus  X 16 


0.2  cc.  of  this  mixture  inoculated  into  a 
series  of  tubes  of  penicillin  broth 


Equal  amounts  of: 

Alpha  streptococcus  X 16  (S.  salivarius) 
Micrococcus 
Diplococcus  pneumoniae 
Diphtheroid 
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is  interesting  that  the  resistance  of  alpha  2  and  alpha  3  Gisted  in  Table  II  as 
Lactobacilli  5  and  6)  to  penicillin  had  increased  5-fold. 

Subsequently  the  attempt  was  made  to  separate  mixtures  of  streptococci 
and  lactobacilli  by  plating  on  rabbit  blood  agar,  without  success.  The  lacto- 
bacilli  grew  well  when  the  pH  of  the  blood  agar  plate  was  as  high  as  8.0,  and  they 
also  grew  well  on  blood  agar  containing  O.C2%  sodium  azide.  The  streptococci 
were  readily  eliminated  in  the  natural  course  of  events,  as  described  in  the  fore- 

TABLE  IV 
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*  Grew  when  transferred  after  72  hours  to  37*. 

t  Would  make  it  S.  ignavu*  by  Holman’s  classification. 

u.  •  usually  t  Reactions  as  recorded  in  Sherman’s  monograph.** 


going  paragraph,  but  the  elimination  of  the  lactobacilli  from  a  mixture  with 
streptococci  was  not  successful. 

Once  it  had  been  found  that  lactobacilli  might  be  present,  all  cultures  were 
streaked  out  on  tomato  agar.  No  other  cultures  of  lactobacilli  were  detected 
by  this  procedure,  but  several  cultures  of  streptococci  were  found  to  grow  well 
on  tomato  agar  at  pH  5.0  and  to  produce  colonies  indistinguishable  from  the 
so  called  ‘‘ground  glass’*  type  of  lactobacUlus  colony.  We  submitted  tomato 
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agar  plate  cultures  of  lactobacilli  and  of  our  aciduric  streptococci  to  2  persons 
accustomed  to  estimating  lactobacilli  in  saliva,  and  neither  was  able  to  differen¬ 
tiate  with  certainty,  by  colony  morphology  alone,  between  the  aciduric  strep¬ 
tococci  and  certain  of  the  intermediate  colonies  of  lactobacilli.’  Hemmens, 
Blayney,  Bradel  and  Harrison  (31)  have  recently  recorded  having  found  aciduric 
streptococci  in  cultures  from  the  oral  cavity.  Subculturing  on  2%  dextrose 
broth  of  pH  6.2  and  thence  to  tomato  agar  should  probably  be  done  early  in 
the  course  of  identification  of  oral  streptococci.  Streaking  of  plates  of  5% 
sucrose  blood  agar  is  also  useful,  since  the  discoloration  of  the  blood  by  non- 
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*  Grew  when  transferred  to  37”  after  72  hours. 


hemolytic  streptococci  is  enhanced  on  this  medium;  even  the  *‘gamma’*  t3rpe 
of  streptococcus  may  show  a  green  or  brown  discoloration.  The  growth  <A 
lactobacilli  on  blood  agar,  with  or  without  the  sucrose,  shows  a  minimal  dis¬ 
coloration;  on  plain  blood  agar  the  growth  is  indistinguishable  from  that  of  a 
gamma  streptococcus. 

The  test  on  5%  sucrose  blood  agar  was  first  carried  out  for  the  purpose  (tf 
detecting  Sireptococcua  salivaritu.  Alpha  16  was  apparently  a  pure  culture  of 

*  There  is  of  course  no  confusion  between  the  typical  smooth  lactobacillus  colonies  and 
the  colonies  of  streptococcus.  It  is  the  minute  ("ghost”)  or  intermediate  ("ground  glass”) 
colonies  of  lactobacilli  which  are  responsible  for  the  confusion. 


ACTION  OF  ANTIBIOTICS  IN  VITRO  ON  MICROOROANTSMS 


257 


this  species,  the  only  one  obtained  in  this  series.  Subsequent  results  with  5% 
sucrose  blood  agar  as  a  medium  for  saliva  cultures  in  our  classes  have  shown  that 
S.  salivaritis  is  a  common  oral  form. 

The  2  cultures  of  enterococci  in  our  series  (Nos.  14  and  18)  were  revealed  by 
subculturing  from  the  stock  brain  heart  infusion  to  brain  heart  infusion  con¬ 
taining  6.5%  sodium  chloride.  The  salt  test  for  the  recognition  of  enterococci 
was  superior  to  that  with  broth  of  pH  9.6  in  our  hands,  because  the  pH  tended  to 
fall  rapidly.  Also  accurate  setting  of  a  hydrogen  ion  concentration  of  this 
alkalinity  is  not  possible  with  the  older  pH  meters.  S.  liquefaciens  was  readily 
distinguished ‘from  S.  fecalis  by  its  ability  to  liquify  gelatin  and  partially  pep¬ 
tonize  milk. 

S.  equinus  was  suspected  when  alpha  No.  19  failed  to  curdle  milk,  and  other 
tests  confirmed  the  identity  of  this  culture. 

All  cultures  of  non-hemolytic  streptococci  were  tested  for  hydrolysis  of  starch 
on  Difco  heart  infusion  agar  plates  containing  1%  soluble  starch.  The  most 
marked  action  on  starch  was  obtained  in  the  case  of  alpha  6,  which  in  a  week  had 
produced  marked  clearing  for  a  considerable  area  aroxmd  the  quarter  of  the  plate 
on  which  it  had  been  streaked.  The  other  cultures  which  appear  to  have  hy¬ 
drolyzed  starch,  when  the  plates  were  flooded  with  1%  iodine  in  2%  potassium 
iodide,  as  shown  by  failure  of  the  area  beneath  their  growth  to  become  blue,  were 
alpha  7,  gamma  2,  gamma  3,  and  gamma  4.  The  first  three  appeared  on  further 
testing  to  be  S.  bovis;  gamma  4  was  not  identified. 

Since  S.  mitts  is  the  most  common  species  found  in  the  oral  cavity,  according 
to  the  experience  of  others  (32),  we  expected  to  find  more  of  these  than  are 
recorded  in  Table  IV.  We  also  sought  the  “s.b.e.”  streptococcus  (33)  by  making 
the  test  on  tryptone-yeast-extract  broth  containing  5%  sucrose,  but  no  viscosity 
was  observed. 

Hemmens,  Blayney,  Bradel  and  Harrison  (31)  have  also  reported  considerable 
heterogeneity  among  the  nonhemolytic  streptococci  of  the  oral  cavity  in  con¬ 
nection  with  their  work  with  bacterial  plaques. 

DISCUSSION 

The  difficulty  of  evaluation  of  penicillin  and  streptomycin  for  use  in  dental 
infections  at  the  present  time  is  indicated  by  the  results  described.  Many 
of  the  nonhemolytic  streptococci  were  found  to  be  susceptible  to  one  or  the  other 
or  both  of  the  antibiotics,  but  some  exhibited  a  considerable  resistance,  as  com¬ 
pared  with  the  standard  staphylococcus.  The  resistance  of  mixtures  of  lacto- 
bacilli  and  streptococci  emphasizes  the  importance  of  bacteriol(^cal  control 
in  root  canal  treatment  with  penicillin. 

The  outcome  of  penicillin  treatment  in  mixed  infections  is  rendered  uncertain, 
not  only  by  the  variation  in  sensitiveness  to  antibiotics  of  different  bacteria 
(and  even  of  different  strains  of  the  same  bacterium),  but  also  by  the  widespread 
occurrence  of  organisms  which  produce  an  enzyme  capable  of  destroying  penicil¬ 
lin,  in  some  cases  within  as  short  a  period  as  2  hours  (34). 

The  Boimd  procedure  for  evaluating  the  effectiveness  of  antibiotics  b  to  de- 
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tennine  what  organisms  are  present  and  their  sensitivity  to  the  antibiotic  before 
clinical  application.  It  is  the  conclusion  of  those  testing  the  usefulness  of  peni¬ 
cillin  in  treatment  of  infected  wounds  (16)  that  complete  bacteriological  analysis 
is  essential  if  conclusive  results  are  to  be  obtained.  I.ocal  application,  as  is 
used  in  root  canal  therapy,  has  the  advantage  over  parenteral  administration 
that  higher  concentrations  of  antibiotic  can  be  applied  to  the  site  of  infection; 
nevertheless  it  appears  that  less  satisfactory  results  can  be  expected  from  local 
than  from  systemic  application  (29). 

It  is  well  to  bear  in  mind  that  in  the  treatment  of  root  canals  bactericidal 
rather  than  bacteriostatic  action  of  the  therapeutic  agent  is  desirable,  since  the 
root  canal  itself  is  devoid  of  blood  circulation  once  its  content  has  been  extirpated. 

CONCLUSIONS 

Fifty-one  cultures  of  oral  microorganisms  were  studied  for  their  resistance 
or  susceptibility  to  the  2  antibiotics,  penicillin  and  streptomycin.  Twenty- 
eight  of  these  cultures  w'ere  streptococci,  and  most  of  the  species  of  non-hemolytic 
streptococci  recorded  in  the  literature  were  represented  in  our  series  by  at  least 
one  culture.  The  exception  is  the  so  called  8.b.e.  streptococcus  of  Niven,  Kiziuta 
and  White  (33),  which  they  found  to  be  more  frequently  associated  with  subacute 
bacterial  endocarditis  than  other  nonhemolytic  streptococci.  Many  of  our 
nonhemolytic  streptococci  were  not  satisfactorily  identified,  but  none  showed 
the  viscous  growth  on  5%  sucrose  tryptone  yeast  extract  which  is  characteristic 
of  the  s.b.e.  streptococcus.  Of  the  28  streptococci,  only  6  showed  marked  resis¬ 
tance  to  penicillin  or  streptomycin  or  both.  These  were  the  2  enterococci  (5. 
fecalis  and  S.  liquefaciens),  S.  equinus,  S.  salimrius,  one  culture  of  S.  milts  and 
one  of  S.  hovis.  The  fecalis  was  outstanding  in  its  resistance  to  both  antibiotics. 

The  lactobacilli,  of  which  7  cultures  were  isolated,  showed  considerable  resis¬ 
tance  to  penicillin,  and  when  lactobacilli  and  streptococci  were  mixed,  the  re¬ 
sistance  of  the*  mixture  was  very  much  greater  than  that  of  pure  cultures  of 
either  organism. 
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TOBACCO  AND  GINGIVITIS* 


JENS  JORGEN  PINDBORG 

From  the  Royal  Danieh  Navy,  Medical  Corpe,  and  the  Danish  College  of  Dentistry,  the 
Department  of  Operative  Dentistry,  Copenhagen,  Denmark 

I.  Statistical  Examination  of  the  Significance  of  Tobacco  in  the 
Development  of  Ulceromembranous  Gingivitis  and  in  the 
Formation  of  Calculus 

Bergeron,  (1859)  called  attention  to  the  significance  of  tobacco-smoking  in 
ulceromembranous  gingivitis.  He  did  not  state  that  smoking  was  of  direct 
agnihcance  in  the  development  of  the  disease,  but  that  there  might  be  a  question 
of  predisposing  effect  associated  with  use  of  large  quantities  tobacco.  Ac¬ 
cording  to  Bergeron,  many  authors  had  mentioned  the  significance  of  smoking  in 
the  development  of  ulcero-membranous  gingivitis,  but  only  a  few  have  devoted 
themselves  to  a  more  thorough  investigation  of  the  problem.  Smeltzer  (1921) 
did  not  consider  smoking  of  tobacco  responsible  for  the  development  of  ulcero¬ 
membranous  stomatitis.  He  allowed  his  patients  to  smoke  during  treatment 
and  considered  smoking  no  handicap  to  treatment.*  Hirchfeld  (1929)  assumed 
that  there  might  be  some  connection  between  the  greatly  increased  consumption 
of  cigarettes  in  the  United  States  and  the  frequency  of  ulceromembranous  gingi¬ 
vitis.  Stammers  (1944)  expressed  the  view  that  tobacco  smoking  is  an  etiological 
factor  in  the  development  of  ulceromembranous  gingivitis  and  that  it  produces 
its  effect  in  two  different  ways:  When  an  individual  carries  a  cigarette  or  pipe  in 
the  mouth  the  lips  are  slightly  separated  and  even  a  moderate  smoker  of  tobacco 
will  breathe  through  his  mouth  a  considerable  part  of  the  day,  and  consequently 
will  be  more  exposed  to  the  development  of  gingivitis.  Furthermore,  he  con¬ 
sidered  the  smoke  as  having  an  irritating  effect,  per  se. 

The  object  of  the  present  work  is  to  study  whether  it  is  possible,  statistically, 
to  demonstrate  any  correlation  between  tobacco  smoking  and  ulceromembranous 
gingivitis. 

One  thousand  four  hundred  and  thirty-three  (1,433)  Danish  Royal  Marines 
were  subjected  to  dental  examinations.  At  the  same  time  the  Marines  were 
questioned  about  their  daily  consumption  of  tobacco  in  the  form  of  cigarettes, 
cigars  and  pipe  tobacco.  For  the  purpose  of  judging  the  quantities  of  tobacco 
one  pipeful  of  tobacco  was  considered  equivalent  to  1  cigarette,  that  is  about  1 
gr.  of  tobacco.  In  reality  a  new  pipe  may  hold  more,  but  by  frequent  use  the 
capacity  of  the  pipe  is  diminished  and  it  would  not  be  any  gross  error  to  put  one 
pipeful  as  equal  to  1  cigarette.  All  of  the  Marines  were  between  the  ages  of  16 
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and  28  and  the  consumption  of  cigars  and  cheroots  was  insignificant.  The 
Marines  were  divided  into  the  following  3  groups  on  the  basis  of  their  smoking  of 
tobacco.  1)  Non-smokers,  2)  consumption  of  tobacco  less  than  10  gr.  per  day,  3) 
consumption  of  tobacco  10  gr.  or  more  per  day.  The  gingiva  were  classified  into 
the  following  3  groups.  1)  Normal,  2)  chronic  simple  marginal  gingivitis,  3) 
ulceromembranous  gingivitis. 

The  results  appear  in  Table  I.  Seemingly,  chronic  marginal  gingivitis  is  not 
affected  by  tobacco  smoking,  whereas,  the  incidence  of  ulceromembranous 
gingivitis  is  markedly  different  in  non-smokers  and  smokers.  While  1.5%  of 
the  non-smokers  present  ulceromembranous  gingivitis,  10.7%  of  the  Marines 
smoking  more  than  10  gr.  of  tobacco  a  day  had  this  disease.  Moreover,  the 
number  of  Marines  with  normal  gingivae  declines  from  33%  in  non-smokers  to 
22.3%  in  the  heavy  smokers. 


TABLE  I 

Shomng  influence  of  consumption  of  tobacco  on  the  incidence  of  gingivitis 


MOM  saouns 

COMSUMPnON  LKSS 
THAN  10  Cl. 
TOBACCO  PM  OAT. 

.  COMSUMPTtOM 
OVH  10  Cl. 
TOBACCO  PM  DAT. 

TOTAL 

Normal 

65 

187 

129 

381 

gingiva 

33.0% 

28.5% 

22.3% 

26.5% 

Chronic  simple 

129 

432 

388 

949 

marginal  gingivitis 

•  '  65.5% 

65.8% 

67.0% 

66.2% 

Ulceromembranous 

3 

38 

62 

103 

gingivitis 

1.6% 

6.8% 

10.7% 

7.2% 

Total 

197 

657 

579 

1433 

100.0% 

100.1% 

100.0%  . 

99.9% 

The  question  presents  itself.  Why  do  the  cases  of  ulceromembranous  gingi* 
vitis  increase  with  an  increasing  consumption  of  tobacco,  or  what  does  the  tobacco 
contain  w'hich  makes  the  smoker  more  susceptible  to  ulceromembranous  gingi¬ 
vitis?  Several  theories  have  been  propounded,  attempting  to  explain  the  harm¬ 
ful  effects  of  tobacco  on  the  mucous  membranes  of  the  mouth.  Among  the 
theories  are:  1)  Tar  contained  in  the  smoke  has  a  direct  irritating  effect  on  the 
gingiva,  thereby  causing  gingivitis,  2)  The  direct  influence  of  the  heat  of  the 
smoke  is  able  to  cause  gingivitis,  3)  Carbonmonoxide,  pyridine  and  other 
poisonous  substances  contained  in  the  smoke  may  have  toxic  effect  on  the  gin¬ 
giva,  so  as  to  predispose  to  gingivitis  and  4)  Nicotine  gives  rise  to  vascular  spasms, 
and  it  is  possible  that  the  nicotine  contained  in  the  smoke  causes  a  contraction 
of  the  capillaries  in  the  gingiva,  resulting  in  a  poor  nutrition  of  the  gingiva  and  a 
diminished  resistance  to  infection. 

The  data  in  Table  II  indicate  that  the  deposition  of  calculus  is  proportional  to 
the  consumption  of  tobacco.  With  a  greater  amount  of  tobacco  smoked,  there 
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seems  to  be  a  greater  chance  of  developing  calculus.  While  39.7%  of  the  non- 
smokers  are  without  calculus,  only  17.5%  of  the  persons  smoking  more  than  10 
gr.  of  tobacco  a  day  are  calculus  free.  Corresponding  hereto  there  is  an  increase 
in  the  deposition  of  supragingival  as  well  as  subgingival  calculus  with  arising 
consumption  to  tobacco.  Even  though  it  is  possible  to  see  cases  of  tobacco 
stains  without  deposits  of  calculus  it  is  a  natural  thing  to  associate  the  increased 


TABLE  II 

Showing  influence  of  consumption  rf  tobacco  on  deposit  of  calculus 


KON-SMOKXaS 

LESS  THAN  10  GE. 
TOBACCO  PEK  DAT. 

NOSE  THAN  10  GB. 
TOBACCO  FEB  DAY. 

TOTAL 

Minus 

58 

168 

84 

310 

calculus 

39.7% 

29.6% 

17.5% 

26.0% 

Supragingival 

69 

315 

275 

659 

calculus 

47.3% 

55.6% 

57.2% 

55.2% 

Subgingival 

19 

84 

122 

225 

calculus 

13.0% 

14.8% 

25.4% 

18.8% 

Total 

146 

567 

481 

1194 

100.0% 

100.0% 

100.1%  ■ 

100.0% 

TABLE  III 


Showing  significance  of  the  deposit  of  calculus  in  the  frequency  of  gingivitis 


MXNUB  CALCULUS 

SUFBAGINGIVAL 

CALCULUS 

SUBGINGIVAL 

CALCULUS 

TOTAL 

Normal 

291 

271 

21 

583 

pngiva 

50.0% 

20.0% 

4.2% 

24.0% 

Chronic  simple  marginal 

268 

949 

382 

1589 

gingivitis 

46.0% 

70.1% 

76.9% 

65.7% 

Ulceromembranous 

23 

133 

94 

250 

ginpvitis 

4.0% 

9.8% 

18.9% 

10.3% 

ToUl 

582 

1353 

497 

2432 

100.0% 

99.9% 

100.0% 

100.0% 

deposit  of  calculus  in  smokers  with  the  retention  possibilities  which  the  tobacco 
stains  present. 

This  statistical  study  indicates  that  consumption  of  tobacco  is  significant  in  the 
development  of  an  ulceromembranous  gingivitis  and  in  the  deposition  of  calculus. 
It  would  be  of  interest  to  be  able  to  establish  that  the  deposit  of  calculus  was  of 
significance  in  the  development  of  ulceromembranous  gingivitis.  Table  III 
shows  the  results  on  2,432  Marines  examined.  In  chronic  marginal  gin^vitis  as 


264 


JENS  JORQEN  PINDBORQ 


well  as  in  ulceromembranous  there  is  a  rising  frequency  according  to  the  presence 
of  supra-or  subgingival  calculus.  At  the  same  time  it  will  be  seen  that  among 
persons  without  calculus  50%  have  normal  gingiva  and  among  those  who  have 
supra  or  subgingival  calculus  there  are  only  20%  and  4.2%  respectively  with 
normal  gingivae. 

It  seems  strange  that  subgingival  calculus  may  occur  in  cases  where  the  gin¬ 
givae  is  normal.  This  can  be  explained  as  the  result  of  calculus  formation  dur¬ 
ing  a  previous  gingivitis,  and  after  this  gingivitis  has  healed  the  gingiva  now 
presents  a  normal  appearance  with  subgingival  calculus. 

On  the  basis  of  the  results  here  reported  nothing  can  be  inferred  as  to  the 
manner  of  action  of  the  tobacco,  but  it  is  no  doubt  true  that  tobacco-smoking 
may  play  a  role  in  the  development  of  ulceromembranous  gingivitis,  and  there¬ 
fore  smoking  during  treatment  for  an  ulceromembranous  gingivitis  should  be 
forbidden. 

SUMMARY 

On  the  basis  of  examinations  of  1433  Royal  Danish  Marines,  statistics  show 
that  the  more  one  smokes  the  greater  is  the  chance  of  developing  an  ulcero¬ 
membranous  gin^vitis,  and  that  the  deposition  of  calculus  is  affected  by  the 
consumption  of  tobacco.  From  examination  of  2432  Marines,  deposition  of 
calculus  appears  associated  with  development  of  gingivitis. 
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THE  EFFECT  OF  AGE  AND  REGION  OF  BIRTH  UPON  THE 
RELATIVE  NUMBER  OF  NAVAL  PERSONNEL  HAVING 
DENTAL  PROSTHETIC  REPLACEMENTS* 

CARL  A.  SCHLACK,  DT).S.,  JOHN  P.  FLYNN,  Ph.D.  and  LINCOLN 
J.  GERENDE,  L.L.B. 

Naval  Medical  Reeearch  InetitiUe,  National  Naval  Medical  Center,  Betheeda,  Md. 

INTRODUCTION 

The  Dental  Division  of  the  Bureau  of  Medicine  and  Sui^ry  requested  that 
a  study  be  undertaken  from  which  the  needs  of  the  Division  and  the  dental 
status  of  naval  personnel  could  be  estimated  (1).  In  accordance  with  their 
desire,  the  records  of  approximately  70,000  navy  men  volunteering  in  1942 
have  been  analyzed  (2).  In  the  first  partial  report  of  this  analysis  it  was  esti¬ 
mated  that  12,100  dental  officers  were  needed  for  1  year  to  repair  completely 
the  teeth  of  3,000,000  navy  men  (3).  The  second  (4)  and  t^d  (5)  reports 
showed  that  persons  bom  in  the  New  England  area  have  more  cavities  than 
those  bom  in  any  other  area  and  that  they  also  have  received  the  greatest 
amount  of  treatment.  The  west  south  central  region,  comprised  of  Arkansas, 
Louisiana,  Oklahoma  and  Texas,  was  the  lowest  in  amount  of  dental  work 
required  by  each  person  and  in  the  amount  of  work  expended  on  him.  The 
effects  of  age  and  region  of  birth  upon  cavities,  missing  teeth  and  fillings,  also 
were  considered  in  these  reports.  The  object  of  the  present  study  is  to  de¬ 
termine  the  effects  of  these  same  factors  upon  the  relative  number  of  persons 
provided  with  dental  replacements. 

SAMFUNG  PROCEDURE 

The  dental  records  used  in  the  study  were  duplicates  of  those  made  at  the 
time  of  the  dental  examination  given  at  six  reemit  training  camps,  namely. 
Great  Lakes,  Norfolk,  Parris  Island,  San  Diego,  Newport,  R.  I.,  and  the  Marine 
Corps  Base,  San  Diego.  The  duplicate  records  were  transferred  to  punch 
cards  of  which  an  example  is  given  in  an  earlier  report  (3).  In  addition  to  the 
dental  data,  the  card  included  the  age  of  the  man  and  the  state  in  which  he  was 
bom.  The  state  of  birth  was  later  changed  to  region  of  birth  in  accordance 
with  a  regional  division  used  in  U.  S.  Public  Health  surveys. 

The  dental  prosthetic  appliances  for  which  classification  was  provided  are: 
full  upper  and  lower,  full  upper  only,  full  lower  only,  full  upper  and  partial 
lower,  full  lower  and  partial  upper,  partial  upper  and  partial  lower,  partial 

*  The  opinions  or  conclusions  contained  in  this  report  are  those  of  the  authors.  They 
are  not  to  be  construed  as  necessarily  reflecting  the  views  or  the  endorsement  of  the  Navy 
Department.  Received  for  publication  March  18,  1947. 
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upper  only,  partial  lower  only,  jacket  crowns,  post  crowns,  gold  crowns,  re¬ 
movable  bridges,  and  fixed  bridges. 

The  men  whose  records  have  been  studied  were  volunteers  and  Fleet  Re¬ 
serves  called  to  active  duty.  In  1942,  the  time  of  this  sur\'ey,  it  was  required 
that  naval  personnel  have  (a)  18  serviceable  teeth  including  2  opposing  molars 
on  either  side;  (b)  good  occlusion;  (c)  freedom  from  oral  infection;  and  (d) 
suitable  prosthetic  replacements  for  any  wide  edentulous  areas. 

In  the  case  of  Fleet  Reserves,  the  dental  requirements  were  often  waived, 
whereas  the  newly  enlisted  men  all  met  the  minimum  dental  standards.  The 
punch  card  classification,  unfortunately,  did  not  separate  those  to  whom  waiv¬ 
ers  were  given  from  those  obliged  to  meet  the  dental  standards.  However,  it 
is  probable  that  the  men  in  whose  favor  the  dental  requirements  were  waived 
do  not  represent  more  than  4%  of  the  total  sample,  although  they  comprise 
30%  of  some  age  groups.  Wherever  this  lack  of  homogeneity  undoubtedly 
obscures  the  effect  of  age  and  region  of  birth  upon  replacements,  the  data  have 

TABLE  I 


The  actual  and  theoretical  age  dietribution  of  the  preeent  sample  of  naval  personnel 


AGB 

17-19 

20-24 

25-29 

30-34 

35-39 

40-44 

mm 

Actual . 

18,542 

29,002 

9,697 

6,684 

3,557 

1.539 

564 

Theoretical . 

12,811 

29,504 

13,236 

6,782 

3,327 

2,120 

1,804 

TABLE  II 

The  actual  and  theoretical  regional  distribution  of  the  present  sample  of  naval  personnel 


NK 

ICA 

EMC 

WMC 

(A 

BSC 

wsc 

B 

B 

Actual . 

6014 

lil 

7474 

6502 

11116 

5747 

10332 

3672 

Theoretical . 

5465 

B 

13544 

6902 

9065 

4418 

6233 

m 

been  discarded.  Such  data  are  those  on  full  upper  and  lower  dentures,  full 
upper,  full  lower,  full  upper  and  partial  lower,  full  lower  and  partial  upper 
dentures.  These  data  merely  show  the  relative  number  of  each  age  group 
granted  waivers. 

The  distribution  of  the  sample  with  respect  to  age  does  not  represent  the 
age  distribution  of  naval  personnel  in  1942  as  w^ll  as  one  would  like.  The 
theoretical  distribution  of  the  sample  and  the  actual  distribution  are  given  in 
Table  I.  The  actual  distribution  shows  tolerable  agreement  with  the  theo¬ 
retical  distribution  in  all  but  the  17-19  year  age  group  Mid  the  45-and-over 
age  group. 

The  regional  distribution  of  the  sample  is  also  weighted  in  favor  of  several 
regions  and  against  others.  In  Table  II  the  actual  and  the  theoretical  size  of 
the  samples  from  the  different  regions  of  the  country  are  given.  From  an  in¬ 
spection  of  Table  II  it  may  be  observ'ed  that  the  east  north  central  region  is 
not  represented  by  a  sufficient  number  of  men,  and  the  west  south  central  has 
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too  large  a  representation;  the  other  discrepancies  being  less  serious.  The 
states  included  in  each  r^on  are  shown  in  fig.  1. 

The  failure  of  the  actual  distributions  to  conform  with  the  theoretical  dis¬ 
tributions  is  due  in  part  to  the  fact  that  the  data  from  which  the  theoretical 
distribution  was  derived  were  not  available  at  the  time  the  sample  was  drawn. 
The  distributions  were  computed  from  data  published  in  1944  by  the  Bureau 
of  Personnel,  Navy  Department  (6).  The  theoretical  regional  distribution 
is  itself  subject  to  error  inasmuch  as  region  of  residence  before  enlistment  rather 
than  region  of  birth  is  the  basis  of  the  derived  distribution.  The  failure  of 
the  actual  distribution  to  conlorm  to  the  theoretical  distribution  alters  the 
mean  values  in  a  manner  difficult  to  evaluate,  but  the  forms  of  the  curves  very 
probably  are  unaltered. 


RESULTS 

The  effect  of  age  vpon  replacements.  In  Table  III  are  presented  those  re¬ 
placements  which  are  foimd  in  less  than  4%  of  any  age  group.  These  replace¬ 
ments  are  partial  upper  only,  partial  upper  and  partial  lower,  one  or  more 
jacket  crowns,  one  or  more  post  crowns,  and  one  or  more  removable  bridges. 
The  first  2  types  of  replacements  show  a  continued  increase  %vith  age;  post 
crowns  and  jacket  crowns  seem  to  reach  a  maximum  around  32-37  years  of 
age,  and  are  found  less  frequently  at  later  ages.  Partial  lowers  and  removable 
bridges  may  show  a  similar  maximum  with  the  peak  occurring  possibly  5  years 
later  than  in  the  case  of  the  post  and  jackt  crowns. 

In  fig.  g  those  replacements  found  in  more  than  4%  of  some  age  groups  are 
shown.  One  or  more  fixed  bridges  and  gold  crowns  are  plotted  as  a  function 
of  age.  The  fixed  bridges  reach  a  maximum  around  37  years  of  age  and  then 
decrease  as  do  the  poet  crowns  and  jacket  crowns.  The  gold  crowns  show  a 
continuous  increase  with  increase  in  age. 
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TABLE  III 

Per  cent  personnel  of  different  age  groups  having 
indicated  dental  prosthetic  replacement 


AOEIltTEAlS 


UPLACUaNT 

17-19 

20-24 

25-29 

50-34 

35-39 

40-44 

iSa&d 

om 

Partial  upper  only . 

0.46 

0.84 

wm 

1.95 

2.16 

2.14 

2.66 

Partial  upper  and  partial  lower . 

0.07 

0.19 

1.38 

2.05 

2.40 

3.55 

One  or  more  jacket  crowns . 

0.45 

1.1 

1.4 

1.7 

1.7 

1.5 

1.3 

One  or  more  post  crowns . 

0.12 

0.32 

ua 

1.4 

0.91 

0.71 

One  or  more  removable  bridges . 

0.04 

m 

0.31 

0.32 

0.18 

% 


Fig.  2.  Per  cent  personnel  of  indicated  ages  having  fixed  bridges  and  gold  crowns. 


The  effect  of  region  of  birth  upon  replacements.  It  has  been  shown  in  the 
previous  section  that  the  relative  number  of  men  having  dental  replacement! 
is  a  function  of  the  age  of  the  group.  In  comparing  various  regions  of  the 
country  it_^is  evident  that  the  groups  must  have  the  same  age  distribution  in 
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order  to  make  the  direct  comparison  between  them  valid.  Unfortunately, 
the  present  sample  age  distributions  of  the  various  regions  of  the  country  are 
not  the  same,  so  it  has  been  necessary  to  resort  to  an  expedient  whereby  it  is 
hoped  that  the  groups  were  made  equal. 

Weights  have  been  given  to  each  age  group  by  which  the  various  ages  were 
made  equivalent  to  the  age  at  which  the  maximum  per  cent  was  reached.  The 
purpose  of  the  weights  is  to  minimize  the  age  difference  between  regions.  This 
was  done  by  regarding  the  maximum  per  cent  reached  in  the  per  cent  personnel 


TABLE  IV 

Adjusted  rates  per  tOOO  persons  for  the  nine  reffions  of  the 
United  States  for  fixed  bridges  and  geld  croums 


noiowf 

nxxo  Bxiocu 

oouaowm 

179.3 

163.6 

HAntral . 

161.7 

153.1 

110.6 

114.0 

132.1 

104.1 

128.7 

109.9 

143.8 

150.7 

242.1 

TABLE  Va 


Anolym  of  variance  of  rates  per  1000  having  1  or  more  fixed  bridges 


■omes  or  vauatiom 

DiGxxxs  or  ntxzooM 

nm  or  sqdaus 

TAUAMCS 

Region . 

8 

46,029.27 

1,920.22 

62,958.07 

5,753.66 

320.04 

Are . 

6 

Error . 

48 

1,311.63 

Total . 

62 

110,907.56 

Fe  -  5753.66/1311.63  -  3.39 

P  <.0l 

age  function  (Jig.  £)  as  one,  and  considering  the  other  per  cents  as  fractions  of 
one.  The  per  cents  less  than  the  maximum  are  made  equal  to  it  by  multiplying 
the  per  cent  by  the  reciprocal  of  the  fraction  proper  to  that  group.  The  re¬ 
ciprocals  obtained  from  the  data  of  fig.  2  constitute  the  weights  for  each  age 
group.  The  efficiency  of  this  method  is  indicated  by  the  size  of  the  age  variance 
in  Tables  Va  and  Vb,  where  the  age  variance  is  smaller  than  the  variance  due 
to  experimental  error. 

The  9  regions  into  which  the  United  States  was  divided  have  been  compared 
on  the  basis  of  fixed  .bridges  and  gold  crowns.  The  weighted  rates  of  these 
two  replacements  for  each  region  are  given  in  Table  IV. 

These  weighted  rates  represent  the  number  of  persons  p^  thousand  having 
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the  specified  prosthetic  appliances.  The  rate  is  for  37  years  for  fixed  bridges 
and  47  years  for  gold  crowns.  That  there  are  significant  differences  between 
various  regions  is  evident  from  inspection  of  Tables  Va  and  Vb,  which  present 


TABLE  Vb 

AnalytiM  of  variance  of  ratet  per  1000  haring  i  or  more  gold  erovmt 


lOVKXOr  VANUTION 

DEOIEES  or  rtEEDOM 

tUM  or  SQOAIES 

TAUANCB 

Repoo . 

8 

83.749.06 

10,468.33 

Age . 

6 

878.24 

146.37 

Error . ! . 

47 

72,707.17 

1,546.96 

Total . 

61 

157,334.47 

Fr  -  10468.33/1546.96  -  6.70 

P  <.01 

TABLE  VI 

Per  cent  of  each  age  group  having  the  indicated  denture 

I  ACK  IN  VKAU 


OENTUtE 

1 

17-19 

20-24 

25  29 

30-34 

33-39 

40-44 

45  Md 
over 

Full  upper  only . 

.59 

.26 

1.26 

1.59 

2.19 

3.44 

4.26 

Full  upper  and  partial  loa’er . 

mm 

.09 

.60 

1.05 

2.42 

2.47 

3.90 

Partial  upper  only . 

.46 

.84 

1.80 

1.95 

2.16 

2.14 

2.66 

Full  lower  only . 

mm 

.01 

.01 

.12 

.25 

.46 

1.43 

Full  lower  and  partial  upper . 

.00 

.01 

.05 

.03 

.17 

TTl 

.53 

Partial  lower  only . . 

jmim 

.21 

.57 

1.17 

1.38 

1 

.71 

TABLE  VII 

AnaJyeie  of  variance  of  upper  and  loveer  denturee 


■OOECE  or  VABIATION 

DECBEES  or  riEEDOM 

SUM  or  EQUAIES 

VABIAMCB 

PnaitSon . 

1 

164.2610 

164.2610 

Tvue . 

2 

36.6172 

18.3086 

Ace . 

6 

195.0592 

82.5099 

Interaction 

P  XT . 

2 

1 

11.7826 

6.8913 

2.8253 

P  X  A . 

6 

16.9520 

T  X  A . 

13 

23.1446 

1.9287 

Error . 

12 

17.9800 

1.4983 

ToUl . 

41 

465.7966 

Fp  -  164.2610/2.1169  -  77.5051 

P  <.01 

the  results  of  the  analyds  of  variance  (7)  of  the  weighted  rates  for  the  2  types 
of  replacements. 

Tlie  west  south  central  region,  namely  Arkansas,  Louisiana,  Oklahoma  and 
Texas,  has  the  lowest  number  of  persons  with  either  fixed  bridges  or  gold  crowns. 


■'X 
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This  result  is  condstent  with  the  general  finding  that  the  people  of  this  secticm 
have  better  teeth  than  those  of  any  other  region  of  the  country.  The  fact 
that  these  people  have  less  dental  attention  than  those  oi  other  regions  is  an> 
other  factor  bringing  about  the  low  rate  found  (5). 

The  replacement  of  upper  and  lower  teeth.  The  present  data  lend  themselves 
to  a  comparison  of  upper  and  lower  dentures.  The  data  used  were  obtained 
in  part  from  those  persons  to  whom  waivers  were  given.  There  is  no  reason 
to  believe  that  waivers  were  given  more  freely  to  those  with  upper  replace¬ 
ments  than  to  those  with  lower  replacements,  so  it  would  seem  that  these  data 
form  an  acceptable  basis  for  a  comparison. 

Inspection  of  Table  VI  reveals  that  upper  teeth  are  replaced  more  frequently 
thAn  lower  ones.  The  data  presented  in  this  table  have  been  converted  to  the 
arc  any/~%,  and  an  analysis  of  the  variance  of  these  has  been  made.  This 
analysis  presented  in  Table  VII  shows  that,  independent  of  the  particular 
type  of  denture,  uppers  are  more  common  than  lowers.  Whether  these  re¬ 
placements  are  more  frequent  because  of  aesthetic  reasons  or  because  upper 
teeth  decay  more  rapidly  than  lowers  will  have  to  await  further  investigation. 

SUMMARY  AND  CONCLUSIONS 

The  dental  records  of  some  70,000  men  entering  the  Navy  in  1942,  when 
rigid  naval  dental  standards  were  still  in  effect,  have  been  examined  to  determine 
the  effect  of  age  and  region  of  birth  upon  the  relative  number  of  dental  replace¬ 
ments.  This  sample  unfortunately  was  not  entirely  confined  to  those  persons 
meeting  the  naval  dental  requirements,  but  included  members  of  the  Fleet 
Reser\'e.  Despite  this  lack  of  homogeneity  in  the  sample,  one  may  conclude 
that: 

1.  The  relative  number  of  personnel  having  either  partial  upper  only,  par¬ 
tial  upper  and  partial  lower  replacements,  or  gold  crowns,  increases  with  age. 
Those  having  either  jacket  crowns,  post  crowns,  removable  bridges  or  fixed 
bridges,  increase  until  approximately  35  years  of  age,  and  then  decrease  beyond 
that  time.  In  this  sample  as  high  as  14%  of  the  older  age  groups  have  fixed 
bridges  and  gold  crowns.  The  other  types  of  dentures  mentioned  are  found 
b  less  than  4%  of  any  age  group. 

2.  Personnel  in  this  sample  bom  in  the  west  south  central  region,  i.e.,  Ar¬ 
kansas,  Louisiana,  Oklahoma  and  Texas,  have  fewer  fixed  bridges  and  gold 
crowns  than  those  bom  in  other  regions  of  the  United  States.  Thb  may  be 
due  either  to  better  teeth  or  to  less  dental  care  available  and  lower  per  capita 
income  in  this  region  than  in  others,  as  shown  in  previous  reports  (5,  8).  It  b 
obvious  that  results  obtained  on  unscreened  personnel  cannot  bo  determined 
from  this  sample. 

3.  Upper  teeth  are  replaced  more  frequently  than  are  low’cr  teeth. 

In  addition  to  those  mentioned  in  previous  reports  (3, 4,5),  the  authors  are  indebted  to 
Miss  E.  F.  Dochterman,  USPHS,  J.  S.  Restarski,  D.D.S.,  M.D.S.,  Comdr.  S.  R.  Howell, 
DC,  USN,  Thomas  C.  Grieg,  Miles  H.  Aborn,  PHMI,  USN,  for  their  assistance  and  to  Miss 
Dorothy  Morrow,  Department  of  Statistics,  George  Washington  University,  for  her  eritical 
review  of  this  paper. 
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EXPERIMENTAL  PERIODONTAL  POCKETS  IN  DOGS‘ 


HENRY  M.  SWENSON,  B.S.,  D.D.S. 

Indiana  University  School  of  Dentistry,  Indianapolis,  Ind. 

Melluxis  and  procedures  for  the  treatment  of  periodontal  disease  have  been 
prescribed  for  at  least  3500  years.  However,  the  method  of  treatment  still 
remains  controversial  although  many  technics  have  been  developed.  To  eval¬ 
uate  the  merits  of  new  procedures  and  the  various  technics,  careful  clinical 
study  by  experienced  operators  is  necessarx'.  This  alone  is  not  sufficient  to 
obtain  a  complete  picture  of  the  result  since  histologic  sections  of  the  periodon¬ 
tium  are  also  necessar\^  Obviously  it  would  be  difficult  to  obtain  this  material 
for  sectioning  from  clinical  patients,  and  therefore  we  are  compelled  to  resort 
to  laboratory  animals  with  induced  pathosis. 

Pockets  from  5  to  8  mm.  in  depth  were  pnKluced  in  dogs  with  the  method 
to  be  described.  Some  of  these  pockets  have  been  under  obser\ation  for  as 
long  as  5  months  and  show  no  signs  of  reattachment.  This  is  probably  sufficient 
time  to  determine  whether  the  periodontal  membrane  will  reattach  itself  of  its 
own  accord. 


PROCEDURE 

The  dogs  were  anesthetized  by  intravenous  injections  of  nembutal,  1  ml. 
for  each  5  pounds  of  body  weight.  Because  of  the  anatomical  form  of  the  crown 
and  root,  the  canine  teeth  were  found  to  be  m(xst  suitable  to  retain  the  copper 
bands.  They  have  little  or  no  contact  with  the  adjacent  teeth  and  they  are 
single  rooted.  These  factors  facilitated  the  placing  and  maintenance  of  the 
bands.  Other  teeth  in  the  mouth  were  us(‘d,  but  best  results  with  this  technic 
were  achieved  with  canine  teeth.  The  condition  of  the  gingiva  and  the  depth 
of  the  gingival  sulcus  were  examined  and  re(U)rded.  Photographs  were  taken 
and  study  models  constructed  at  this  time  to  supplement  this  record. 

A  Wagner  inlay  carver  was  forced  down  along  the  root  surface  for  appromi- 
matcly  8  mm.,  severing  the  peritxlontal  membrane,  and  then  with  a  lateral 
motion,  the  pocket  was  enlarged  to  a  width  of  about  4  mm.  If  the  pocket  was 
left  undisturbed,  there  was  a  connective  tissue  reattachment  of  the  periodt)ntal 
membrane  with  subsequent  elimination  of  the  pocket.  To  prevent  reattach¬ 
ment,  a  copper  band  was  u.sed  as  a  mechanical  barrier  and  was  placed  Ix'tween 
the  alveolar  bone  and  the  root  surface.  The  band  was  cut  in  such  a  manner  that 

*  Received  for  publication  April  9,  1947. 
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a  tongue  extended  into  the  pocket  (fig.  1).  This  tongue  was  pushed  into  the 
pocket  formed  by  the  Wagner  carver,  and  the  gingival  surface  of  the  band  was 
burnished  to  the  tooth  surface.  The  band  was  then  removed  and  the  ends 
were  soldered  with  low  fusing  silver  solder. 

The  band  was  cemented  to  the  tooth  with  zinc  oxyphosphate  cement,  the 
excess  being  removed  to  decrease  unnecessary  irritation  to  the  gingival  tissues. 
The  band  itself  caused  some  local  irriation  but  this  was  kept  at  a  minimum  by 
having  the  band  well  adapted  to  the  tooth  surface.  Clenerally  the  gingivae 
of  the  maxillary  teeth  showed  a  more  acute  reaction  from  the  band  than  did  the 
gingivae  of  the  mandibular  teeth.  The  reaction  usually  is  accompanied  by  a 
2  or  3  mm.  recession  of  the  gingiva  in  the  region  of  the  pocket.  This  is  probably 
a  permanent  recession,  as  the  gingiva  thus  affected  on  the  experimental  animals 
did  not  regenerate  to  its  former  contour. 

After  15  days  had  elapsed  from  the  time  of  cementation,  the  band  was  re¬ 
moved.  Sections  of  tissue  excised  at  this  time  from  the  pocket  wall  showed  in¬ 
flammatory  cell  infiltration  and  a  few  areas  of  young  epithelium  growing  down 
the  wall  of  the  pwket. 

The  dogs  were  sacrificed  150  days  after  the  bands  were  removed.  Decalcified 
sections  of  the  periodontium  showed  pockets  extending  an  average  0  mm.  along 
the  root  surface.  There  was  a  definite  lining  of  epithelium  growing  down  along 
the  pocket  but  it  was  not  attached  to  the  root  surface.  Numerous  round  cells 
were  observed  below  the  epithelium. 

SUMMARY 

The  technic  described  is  a  simple  and  positive  means  of  producing  typical 
periodontal  pockets  in  experimental  animals.  Approximately  100  pockets  were 
produced  and  observed  for  a  periixl  up  to  150  days.  Histologic  sections  at  this 
time  showed  a  pocket  very  similar  to  the  pathologic  periodontal  pocket  occurring 


m  man. 


